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RE Ais manual, like its preceding edition, 
has been prepared to assist those who work 
or experiment with semiconductor devices 
and circuits. It will be useful to engineers, 
educators, students, radio amateurs, hobby- 
ists, and others technically interested in tran- 
sistors, silicon rectifiers, silicon controlled 
rectifiers, varactor diodes, and tunnel diodes. 


fie edition has been thoroughly re- 
vised to cover the latest changes in semi- 
conductor-device technology and applications. 
The TECHNICAL DATA Section, as well as 
the text material, has been greatly expanded 
and brought up to date. Of particular interest 
to the hobbyist and experimenter are the 
many practical and timely additions to the 
CIRCUITS Section. 
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Materials, Junctions, 


EMICONDUCTOR devices are 

small but versatile units that can 
perform an amazing variety of con- 
trol functions in electronic equipment. 
Like other electron devices, they have 
the ability to control almost instantly 
the movement of charges of elec- 
tricity. They are used as rectifiers, 
detectors, amplifiers, oscillators, 
electronic switches, mixers, and 
modulators. 

In addition, semiconductor devices 
have many important advantages 
over other types of electron devices. 
They. are very small and light in 
weight (some are less than an inch 
long and weigh just a fraction of an 
ounce). They have no filaments or 
heaters, and therefore require no 
heating power or warm-up time. 


They consume very little power. They 


are solid in construction, extremely 
rugged, free from microphonics, and 
can be made impervious to many se- 
vere environmental conditions. The 
circuits required for their operation 
are usually simple. 


SEMICONDUCTOR MATERIALS 


Unlike other electron devices, which 
depend for their functioning on the 
flow of electric charges through a 
vacuum or a gas, semiconductor de- 
vices make use of the flow of current 
in a solid. In general, all materials 
may be classified in three major 
categories—conductors, semiconduc- 
tors, and insulators—depending upon 


their ability to conduct an electric 


and Devices 


current. As the name indicates, a 
semiconductor material has poorer 
conductivity than a conductor, but 
better conductivity than an insulator. 

The materials most often used in 
semiconductor devices are germa- 
nium and silicon. Germanium has 
higher electrical conductivity (less 
resistance to current flow) than 
silicon, and is used in most low- and 
medium-power diodes and transis- 
tors. Silicon is more suitable for 
high-power devices than germanium. 
One reason is that it can be used at 
much higher temperatures. A rela- 
tively new material which combines 
the principal desirable features of 
both germanium and silicon is gal- 
lium arsenide. When further experi- 
ence with this material has been 
obtained, it is expected to find much 
wider use in semiconductor devices. 


Resistivity 

The ability of a material to con- 
duct current (conductivity) is di- 
rectly proportional to the number of 
free (loosely held) electrons in the 
material. Good conductors, such as 
silver, copper, and aluminum, have 
large numbers of free electrons; their 
resistivities are of the order of a 
few millionths of an ohm-centimeter. 
Insulators such as glass, rubber, and 
mica, which have very few loosely 
held electrons, have resistivities as 
high as several million ohm-centi- 
meters. 

Semiconductor materials lie in the 
range between these two extremes, 
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as shown in Fig. 1. Pure germanium 
has a resistivity of 60 ohm-centi- 
meters. Pure silicon has a consider- 
ably higher resistivity, in the order 
of 60,000 ohm-centimeters. As used 
in semiconductor devices, however, 
these materials contain carefully con- 
trolled amounts of certain impurities 
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Figure 1. Resistivity of typical conductor, 
semiconductors, and insulator. 


which reduce their resistivity to 
about 2 ohm-centimeters at room 
temperature (this resistivity de- 
creases rapidly as the temperature 
rises). 


impurities 


Carefully prepared semiconductor 
materials have a crystal structure. 
In this type of structure, which is 
called a lattice, the outer or valence 
electrons of individual atoms are 
tightly bound to the electrons of ad- 
jacent atoms in electron-pair bonds, 
as shown in Fig. 2. Because such a 


ELECTRON-PAIR BONDS 


Figure 2. Crystal lattice structure. 


structure has no loosely held elec- 
trons, semiconductor materials are 
poor conductors under normal condi- 
tions. In order to separate the elec- 
tron-pair bonds and provide free 
electrons for electrical conduction, 
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it would be necessary to apply high 
temperatures or strong electric fields. 

Another way to alter the lattice 
structure and thereby obtain free 
electrons, however, is to add small 
amounts of other elements having a 
different atomic structure. By the ad- 
dition of almost infinitesimal amounts 
of such other elements, called “im- 
purities”, the basic electrical proper- 
ties of pure semiconductor materials 
can be modified and controlled. The 
ratio of impurity to the semicon- 
ductor material is usually extremely 
small, in the order of one part in 
ten million. 

When the impurity elements are 
added to the semiconductor material, 
impurity atoms take the place of 
semiconductor atoms in the lattice 
structure. If the impurity atoms 
added have the same number of va- 
lence electrons as the atoms of the 
original semiconductor material, they 
fit neatly into the lattice, forming 
the required number of electron-pair 
bonds with semiconductor atoms. In 
this case, the electrical properties 
of the material are essentially un- 
changed. ; 

When the impurity atom has one 
more valence electron than the semi- 
ecnductor atom, however, this extra 
electron cannot form an electron- 
pair bond because no adjacent va- 
lence electron is available. Fhe excess 
electron is then held very loosely by 


the atom, as shown in Fig. 3, and 
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Figure 3. Lattice structure of n-type 
material. 
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requires only slight excitation to 


break away. Consequently, the pres- 
ence of such excess electrons makes 
the material a better conductor, i.e., 
its resistance to current flow is 
reduced. 

Impurity elements which are added 
to germanium and silicon crystals to 
provide excess electrons include ar- 
senic and antimony. When these ele- 
ments are introduced, the resulting 
material is called n-type because the 
excess free electrons have a negative 
charge. (It should be noted, however, 
that the negative charge of the elec- 
trons is balanced by an equivalent 
positive charge in the center of the 
impurity atoms. Therefore, the net 
electrical charge of the semiconduc- 
tor material is not changed.) 

A different effect is produced when 
an impurity atom having one less 
valence electron than the semicon- 
ductor atom is substituted in the 
lattice structure. Although all the 
valence electrons of the impurity 
atom form electron-pair bonds with 
electrons of neighboring semiconduc- 
tor atoms, one of the bonds in the 
lattice structure cannot be completed 
because the impurity atom lacks the 
final valence electron. As a result, a 
vacancy or “hole” exists in the lat- 
tice, as shown in Fig. 4. An electron 
from an adjacent electron-pair bond 
may then absorb enough energy to 
break its bond and move through the 
lattice to fill the hole. As in the 
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Figure 4. Lattice structure of p-type 
material. 


VACANCY 
(HOLE) 


case of excess electrons, the presence 
of “holes” encourages the flow of 
electrons in the semiconductor ma- 
terial; consequently, the conductivity 
is increased and the resistivity is 
reduced. 

The vacancy or hole in the crystal 
structure is considered to have a 
positive electrical charge because it 
represents the absence of an electron. 
(Again, however, the net charge of 
the crystal is unchanged.) Semi- 
conductor material which contains 
these “holes” or positive charges is 
called p-type material. P-type mate- 
rials are formed by the addition of 
aluminum, gallium, or indium. 

Although the difference in the 
chemical composition of n-type and 
p-type materials is slight, the differ- 
ences in the electrical characteristics 
of the two types are substantial, and 
are very important in the operation 
of semiconductor devices. 


P-N JUNCTIONS 


When n-type and p-type materials 
are joined together, as shown in Fig. 
5, an unusual but very important 
phenomenon occurs at the interface 
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Figure 5. Interaction of holes and electrons 
at p-n junction. 


where the two materials meet (called 
the p-n junction). An interaction 
takes place between the two types 
of material at the junction as a re- 
sult of the holes in one material and 
the excess electrons in the other. 
When a p-n junction is formed, 
some of the free electrons from the 
n-type material diffuse across the 
junction and recombine with holes in 


the lattice structure of the p-type 
material; similarly, some of the holes 
in the p-type material diffuse across 
the junction and recombine with free 
electrons in the lattice structure of 
the n-type material. This interaction 
or diffusion is brought into equilib- 
rium by a small space-charge region 
(sometimes called the transition re- 
gion or depletion layer). The p-type 
material thus acquires a slight nega- 
tive charge and the n-type material 
acquires a slight positive charge. 
The potential gradient established 
across the space-charge region by the 
diffusion process is represented in 
Fig. 6 by an imaginary battery 
connected across the junction. (The 
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Figure 6. Potential gradient across space- 
charge region. 


battery symbol is shown only to 
represent the internal effects; the 
potential is not directly measurable.) 
In the absence of external circuits or 
voltages, this potential gradient dis- 
courages further diffusion across the 


p-n junction because electrons from _ 


the n-type material are repelled by 
the slight negative charge induced 
in the p-type material and holes from 
the p-type material are repelled by 
the slight positive charge induced in 


ELECTRON FLOW 
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the n-type material. In effect, there- 
fore, the potential gradient (or 
energy barrier, as it is sometimes 
called) prevents total interaction be- 
tween the two types of material, and 
thus preserves the differences in their 
characteristics. 


CURRENT FLOW 


When an external battery is. con- 
nected across a p-n junction, the 
amount of current flow is determined 
by the polarity of the applied voltage 
and its effect on the space-charge 
region. In Fig. 7a, the positive ter- 
minal of the battery is connected to 
the n-type material and the negative 
terminal to the p-type material. In 
this arrangement, the free electrons 
in the n-type material are attracted 
toward the positive terminal of the 
battery and away from the junction. 
At the same time, holes from the 
p-type material are attracted toward. 
the negative terminal of the battery 
and away from the junction. As a 
result, the space-charge region at the 
junction becomes effectively wider, 
and the potential gradient increases 
until it approaches the potential of 
the external battery. Current flow 
is then extremely small because no 
voltage difference (electric field) ex- 
ists across either the p-type or the 
n-type region. Under these condi- 
tions, the p-n junction is said to be 
reverse-biased. 

In Fig. 7b, the positive terminal of 
the external battery is connected to 
the p-type material and the negative 
terminal to the n-type material. In 
this arrangement, electrons in the 
p-type material near the positive ter- 
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Figure 7. Electron current flow in biased p-n junctions. 
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minal of the battery break their 
-electron-pair bonds and enter the 
battery, creating new holes. At the 
same time, electrons from the nega- 
tive terminal of the battery enter the 
n-type material and diffuse toward 
the junction. As a result, the space- 
charge region becomes effectively 
narrower, and the energy barrier de- 
creases to an insignificant value. Ex- 
cess electrons from the n-type mate- 
rial can then penetrate the space- 
charge region, flow across the junc- 
tion, and move by way of the holes 
in the p-type material toward the 
positive terminal of the battery. This 
electron flow continues as long as 
the external voltage is applied. Un- 
der these conditions, the junction is 
said to be forward-biased. 

The generalized voltage-current 
characteristic for a p-n junction in 
Fig. 8 shows both the reverse-bias 
and forward-bias regions. In the 
forward-bias region, current rises 
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Figure 8. Voltage-current characteristic for 
a p-n junction. 

rapidly as the voltage is increased 
and is quite high. Current in the 
reverse-bias region is usually much 
lower. Excessive voltage (bias) in 
either direction should be avoided in 
normal applications because exces- 
sive currents and the resulting high 
temperatures may permanently dam- 
age the semiconductor device. 


N-P-N AND P-N-P STRUCTURES 


Fig. 7 shows that a p-n junction 
biased in the reverse direction is 
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equivalent to a high-resistance ele-. 
ment (low current for a given ap- 
plied voltage), while a junction 
biased in the forward direction is 
equivalent to a low-resistance ele- 
ment (high current for a given ap- 
plied voltage). Because the power 
developed by a given current is 


. greater in a high-resistance element 


than in a low-resistance element 
(P=I’R), power gain can be ob- 
tained in a structure containing two 
such resistance elements if the cur- 
rent flow is not materially reduced. 
A device containing two p-n junc- 
tions biased in opposite directions 
can operate in this fashion. 

Such a_ two-junction device is 
shown in Fig. 9. The thick end layers 


OUTPUT 
© 


Figure 9. N-P-N structure biased for power 
gain. 


are made of the same type of mate- 
rial (n-type in this case), and are 
separated by a very thin layer of the 
opposite type of material (p-type in 
the device shown). By means of the 

external batteries, the left-hand (n-p) — 
junction is biased in the forward 


-direction to provide a low-resistance 


input circuit, and the right-hand 
(p-n) junction is biased in the re- 
verse direction to provide a high- 
resistance output circuit. 

Electrons flow easily from the left- 
hand n-type region to the center p- 
type region as a result of the forward 
biasing. Most of these electrons dif- 
fuse through the thin p-type region, 
however, and are attracted by the 
positive potential of the external bat- 
tery across the right-hand junction. 
In practical devices, approximately 
95 to 99.5 per cent of the electron 
current reaches the right-hand n- 
type region. This high percentage of 


current penetration provides power 
gain in the high-resistance output 
circuit and is the basis for transistor 
amplification capability. ) 

The operation of p-n-p devices is 
similar to that shown for the n-p-n 
device, except that the bias-voltage 
polarities are reversed, and electron- 
current flow is in the opposite direc- 
tion. (Many discussions of semicon- 
ductor theory assume that the “holes” 
in semiconductor material constitute 
the charge carriers in p-n-p devices, 
and discuss “hole currents” for these 
devices and “electron currents’ for 
n-p-n devices. Other texts. discuss 
neither hole current nor electron cur- 
rent, but rather “conventional current 
flow”, which is assumed to travel 
through a circuit in a direction from 
the positive terminal of the external 
battery back to its negative terminal. 
For the sake of simplicity, this dis- 
cussion will be restricted to the con- 
cept of electron current flow, which 
travels from a negative to a positive 
terminal.) 


TYPES OF DEVICES 


The simplest type of semiconduc- 
tor device is the diode, which is rep- 
resented by the symbol shown in Fig. 
10. Structurally, the diode is basically 
a p-n junction similar to those shown 
in Fig. 7. The n-type material which 
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Figure 10. Schematic symbol for a semi- 
conductor diode. 


serves as the negative electrode is 
referred to as the cathode, and the 
p-type material which serves as the 
positive electrode is referred to as 
the anode. The arrow symbol used 
for the anode represents the direc- 
tion of “conventional current. flow” 
mentioned above; electron current 
flows in a direction opposite to the 
arrow. 
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Because the junction diode con- 
ducts current more easily in one 
direction than in the other, it is an 
effective rectifying device. If an ac 
signal is applied, as shown in Fig. 
11, electron current flows freely dur- 
ing the positive half cycle, but little 


INPUT 
SIGNAL LOAD 


Figure 11. Simple diode rectifying circuit. 


or no current flows during the nega- 
tive half cycle. 

One of the most widely used types 
of semiconductor diode is the sili- 
con rectifier. These devices are avail- 
able in a wide range of current 
capabilities, ranging from tenths of 
an ampere to 40 amperes or more, 
and are capable of operation at volt- 
ages as high as 800 volts or more. 
Parallel and series arrangements of 
silicon rectifiers permit even further 
extension of current and voltage 
limits. Characteristics and applica- 
tions of these devices are discussed 
in detail in the section on Silicon 
Rectifiers. 

If two p-type and n-type semi- 
conductor materials are arranged 


_ alternately in series, a device is pro- 


duced which behaves as a conven- 
tional rectifier in the reverse direction - 
and as a series combination of an 
electronic switch and a rectifier in 
the forward direction. Conduction in 
the forward direction can then be 
controlled or “gated” by operation of 
the electronic switch. Such devices 


‘are discussed in the section on Sili- 


con Controlled Rectifiers. 

Several variations of the basic 
junction diode structure have been 
developed for use in special applica- 
tions. One of the most important of 
these developments is the tunnel 
diode, which is used for amplifica- 


Materials, Junctions, and Devices 


tion, switching, and pulse generation. 
This special diode is described in the 
section on Tunnel Diodes and Other 
Semiconductor Diodes. 

When a second junction is added 
to a semiconductor diode to provide 
power or voltage amplification (as 
shown in Fig. 9), the resulting de- 
vice is called a transistor. The three 
regions of the device are called the 
emitter, the base, and the collector, 
as shown in Fig. 12. In normal oper- 
ation, the emitter-to-base junction is 


EMITTER 


BASE COLLECTOR 


Figure 12. Functional diagram of transistor 
structure. 


biased in the forward direction, and 
the collector-to-base junction in the 
reverse direction. 

Different symbols are used for 
n-p-n and p-n-p transistors to show 
the difference in the direction of cur- 
rent flow in the two types of devices. 
In the n-p-n transistor shown in Fig. 
13a, electrons flow from the emitter 
to the collector. In the p-n-p tran- 
sistor shown in Fig. 13b, electrons 
flow from the collector to the emit- 
ter. In other words, the direction_of 


de electron current is always oppo- 


site to that of the arrow on _ the 


emitter (As in the case of semi- 
conductor diodes, the arrow indicates 


EMITTER COLLECTOR 


(a) N—P—N TRANSISTOR 


the direction of wanna _cur- 
rent flow” in the circuit.) — 

The first two letters of the n-p-n 
and p-n-p designations indicate the 
respective polarities of the voltages 


applied to the emitter and the 


collector _in normal operation. In 


an n-p-n transistor, the emitter is 
made negative with respect to both 
the collector and the base, and the 
collector is made positive with re-- 
spect to both the emitter and the 
base. In a p-n-p transistor, the emit- 
ter is made positive with respect to 
both the collector and the base, and 
the collector is made negative with 
respect to both the emitter and the 
base. 

The transistor, which is a three- 
element device, can be used for a 
wide variety of control functions, in- 
cluding amplification, oscillation, and 
frequency conversion. Transistor 
characteristics and applications are 
discussed in detail in the following 
sections. 

A relatively new type of transis- 
tor, the MOS field-effect transistor, 
utilizes a metal control electrode to 
modulate the conductivity of the 
semiconductor material. Because of 
their very high input impedance and 
square-law transfer characteristics, 
MOS transistors are especially suit- 
able for use as voltage amplifiers. 
Characteristics and applications of 
these devices are described in the 
section on MOS Field-Effect Tran- 
sistors. 


EMITTER COLLECTOR 


(b) P—N—P TRANSISTOR 


Figure 13. Schematic symbols for transistors. 
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Transistor Designs and 
Circuit Configurations 


HE performance of transistors 

in electronic equipment depends 
on many factors besides the basic 
characteristics of the semiconductor 
material. The two most important 
factors are the design and fabrica- 
tion of the transistor structure and 
the general circuit configuration 
used. 


DESIGN AND FABRICATION 


The ultimate aim of all tran- 
sistor fabrication techniques is the 
construction of two parallel p-n junc- 
tions with controlled spacing between 
the junctions and controlled impurity 
levels on both sides of each junction. 
A variety of structures has been 
developed in the course of transistor 
evolution. 

The earliest transistors made were 
of the point-contact type. In this 
type of structure, two pointed wires 
were placed next to each other on an 
n-type block of semiconductor ma- 
terial. The p-n junctions were formed 
by electrical pulsing of the wires. 
This type has been superseded by 
junction transistors, which are fab- 
ricated by the various alloy, diffusion, 
and crystal-growth techniques de- 
scribed below. 

In grown-junction transistors, the 
impurity content of the semiconduc- 
tor material is changed during the 
growth of the original crystal ingot 
to provide the p-n-p or n-p-n regions. 
The grown crystal is then sliced 
into a large number of small-area 
devices, and contacts are made to 


each region of the devices. The fin- 
ished transistor is encased in plastic 
or a hermetically sealed enclosure. 

In alloy-junction transistors, two 
small “dots” of a p-type or n-type 
impurity element are placed on op- 
posite sides of a thin wafer of n-type 
or p-type semiconductor material, 
respectively, as shown in Fig. 14. 


COLLECTOR 


EMITTER 


Figure 14. Structure of alloy-junction 
transistor. 


After proper heating, the impurity 
“dots” alloy with the semiconductor 
material to form the regions for the 
emitter and collector junctions. The 
base connection in this structure is 
made to the original semiconductor 
wafer. 

The drift-field transistor is a mod- 
ified alloy-junction device in which 
the impurity concentration in the 
base wafer is diffused or graded,. as 
shown in Fig. 15. Two advantages 
are derived from this structure: 
(a) the resultant built-in voltage or 
“drift field” speeds current flow, and 
(b) the ability to use a heavy im- 
purity concentration in the vicinity 
of the emitter and a light concen- 
tration in the vicinity of the col- 
lector makes it possible to minimize 
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capacitive charging times. Both 
these advantages lead to a substan- 
tial extension of the frequency per- 
formance over the alloy-junction 
device. 


COLLECTOR 


DIFFUSED 
BASE 
BASE 

CONTACT 


EMITTER 
Figure 15. 


Mesa and planar transistors use 
newer construction techniques which 
are better suited to many applica- 
tions than the grown-junction or 
alloy methods. These transistors in- 
volve two basic processes: (1) the 
use of diffusion masking materials 
and photolithographic techniques to 
obtain a planar structure in which 
all the p-n junctions are buried un- 
der a protective passivating layer, 
and (2) the use of a separate collec- 
tor-contact diffusion or an epitaxial 
growth to reduce the electrical series 
resistance in the collector. In these 
types, the original semiconductor 
wafer serves as the collector. The 
base region is diffused into the 
wafer, and the emitter “dot” or re- 
gion is then alloyed or diffused into 
the base region. A “mesa” or flat- 
topped peak may then be etched to 
reduce the collector area at the base- 
collector junction. The mesa struc- 
ture is inherently rugged, has large 
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Figure 16. 


Structure of drift-field transistor. 


power-dissipation capability, and can 
operate at very high frequencies. 

Fig. 16 shows the structure of 
double-diffused epitaxial mesa and 
planar structures in_ production 
today. The grading of the impurity 
concentration in the base region re- 
sults in a drift field and in reduced 
base-lead resistance. The use of a 
diffused emitter region permits tight 
geometry control. The use of a rela- 
tively light impurity concentration 
in the collector region results in high 
collector-breakdown voltages and low 
collector-junction capacitance. 

A new emitter electrode structure 
called an “overlay” is used in some 
power transistors to improve high- 
frequency capability. In this overlay 
structure (shown in the frontispiece 
on page 2), a large number of sepa- 
rate emitters are tied together by 
diffused and metalized regions. This 
approach increases the emitter edge- 
to-area ratio and reduces the input 
time constant of the transistor. The 
desired overlay structure is fabri- 
cated by carefully controlled diffusion 
and precise photographic processes. 


BASIC CIRCUITS 


There are three basic ways of con- 
necting transistors in a circuit: 
common-base, common-emitter, and 
common-collector. In the common- 
base (or grounded-base) connection 
shown in Fig. 17, the signal is intro- 
duced into the emitter-base circuit 
and extracted from the collector-base 
circuit. (Thus the base element of the 
transistor is common to both the in- 
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Structure of (a) double-diffused epitaxial mesa transistor and (b) double- 


diffused epitaxial planar transistor. 
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put and output circuits.) Because the 
input or emitter-base circuit has a low 
impedance (resistance plus react- 
ance) in the order of 0.5 to 50 ohms, 
and the output or collector-base cir- 
cuit has a high impedance in the 
order of 1000 ohms to one megohm, 
the voltage or power gain in this 
type of configuration may be in the 
order of 1500. 


Figure-17. Common-base circuit 
configuration. 


The direction of the arrows in Fig. 
17 indicates electron current flow. 
As stated previously, most of the cur- 
rent from the emitter flows to the col- 
lector; the remainder flows through 
the base. In practical transistors, 
from 95 to 99.5 per cent of the emit- 
ter current reaches the collector. The 
current gain of this configuration, 
therefore, is always less than unity, 
usually in the order of 0.95 to 0.995. 

The waveforms in Fig. 17 repre- 
sent the input voltage produced by 
the signal generator e. and the out- 
put voltage developed across the 
load resistor Rr. When the input 
voltage is positive, as shown at AB, 
it opposes the forward bias produced 


by the base-emitter battery, and thus. 


reduces current flow through the 
n-p-n transistor. The reduced elec- 
tron current flow through Rr then 
causes the top point of the resistor 
to become less negative (or more 
positive) with respect to the lower 
point, as shown at A’B’ on the out- 
put waveform. Conversely, when the 
input signal is negative, as at CD, 
the output signal is also negative, 


as at C’D’. Thus, the phase of the 
signal remains unchanged in this 
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‘circuit, i.e., there is no voltage phase 


reversal between the input and the 
output of a common-base amplifier. 

In the common-emitter (or 
grounded-emitter) connection shown 
in Fig. 18, the signal is introduced 
into the base-emitter circuit and ex- 
tracted from the collector-emitter 
circuit. This configuration has more 
moderate input and output imped- 
ances than the common-base circuit. 
The input (base-emitter) impedance 
is in the range of 20 to 5000 ohms, 
and the output (collector-emittter) 
impedance is about 50 to 50,000 
ohms. Power gains in the order of 
10,000 (or approximately 40 dB) can 
be realized with this circuit because 
it provides both current gain and 
voltage gain. é 

Current gain in the common- 
emitter configuration is measured be- 
tween the base and the collector, 
rather than between the emitter and 
the collector as in the common-base 
circuit. Because a very small change 
in base current produces a relatively 
large change in collector current, the 
current gain is always greater than 
unity in a common-emitter circuit; 
a typical value is about 50. 


0.981 —> 


Common-emitter circuit 
configuration. 


-Figure 18. 


The input signal voltage under- 
goes a phase reversal of 180 degrees 
in a common-emitter amplifier, as 
shown by the waveforms in Fig. 18. 
When the input voltage is positive, 
as shown at AB, it increases the 
forward bias across the base-emitter 
junction, and thus increases the total 
current flow through the transistor. 
The increased electron flow through 
Ry, then causes the output voltage 
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to become negative, as shown at 
A’B’. During the second half-cycle 
of the waveform, the process is re- 
versed, i.e., when the input signal is 
negative, the output signal is posi- 
tive (as shown at CD and C’D’.) - 

The third type of connection, shown 
in Fig. 19, is the common-collector 
(or grounded-collector) circuit. In 
this configuration, the signal is intro- 
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Figure 19. Common-collector circuit 
configuration. 


duced into the base-collector circuit 
and extracted from the emitter- 
collector circuit. Because the input 
impedance of the transistor is high 
and the output impedance low in 
this connection, the voltage gain is 
less than unity and the power gain 
is usually lower than that obtained 
in either a common-base or a com- 
mon-emitter circuit. The common- 
collector circuit is used primarily as 
an impedance-matching device. As in 
the case of the common-base circuit, 
there is no phase reversal of the sig- 
nal between the input and the output. 

The circuits shown in Figs. 17 
through 19 are biased for n-p-n tran- 
sistors. When p-n-p transistors are 
used, the polarities of the batteries 
must be reversed. The voltage phase 
relationships, however, remain the 
same. 
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Transistor Characteristics 


HE term “characteristic” is used 

to identify the distinguishing elec- 
trical features and values of a tran- 
sistor. These values may be shown 
in curve form or they may be tabu- 
lated. When the characteristics values 
are given in curve form, the curves 
may be used for the determination 
of transistor performance and the 
calculation of additional transistor 
parameters. 

Characteristics values are obtained 
from electrical measurements of tran- 
sistors in various circuits under cer- 
tain definite conditions of current and 
voltage. Static characteristics are ob- 
tained with de potentials applied to 
the transistor electrodes. Dynamic 
characteristics are obtained with an 
ac voltage on one electrode under 
various conditions of de potentials 
on all the electrodes. The dynamic 
characteristics, therefore, are indica- 
tive of the performance capabilities 
of the transistor under actual work- 
ing conditions. 
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Figure 20. Collector-characteristic curves. 


Published data for transistors in- 
clude both electrode characteristic 
curves and transfer characteristic 
curves. These curves present the 
same information, but in two differ- | 
ent forms to provide more useful 
data. Because transistors are used 
most often in the common-emitter 
configuration, characteristic curves 
are usually shown for the collector 
or output electrode. The collector- 
characteristic curve is obtained by 
varying collector-to-emitter voltage 
and measuring collector current for 
different values of base current. The 
transfer-characteristic curve is ob- 
tained by varying the base-to-emitter 
(bias) voltage or current at a speci- 
fied or constant collector voltage, . 
and measuring collector current. A 
collector-characteristic family of 
curves is shown in Fig. 20. Fig. 21 
shows transfer-characteristic curves 
for the same transistor. 

One of the most important char- 
acteristics of a transistor is its 
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Figure 21. Transfer-characteristic curves. 
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forward current-transfer ratio, i.e., 
the ratio of the current in the output 
electrode to the current in the input 
electrode. Because of the different 
ways in which transistors may be 
connected in circuits, the forward 
current-transfer ratio is specified for 
a particular circuit configuration. 
{The common-base forward current- 
transfer ratio is often called alpha 
(or a), and the common-emitter. for- 
ward current-transfer ratio is often 
called beta (or B). | 

In the common-base circuit shown 
in Fig. 17, the emitter is the input 
electrode and the collector is the 
output electrode. The dc alpha, there- 
fore, is the ratio of the dec collector 
current Ic to the de emitter current 
In: 
Ic 0.981 
i I 0.98 

In the common-emitter circuit 
shown in Fig. 18, the base is the 
input electrode and the collector is 
the output electrode. The dc beta, 
therefore, is the ratio of the dc col- 
lector current Ic to the de base cur- 
rent Is: 


a= 


Because the ratios given above are 
based on de currents, they are prop- 
erly called de alpha and dc beta. It 
is more common, however, for the 
current-transfer ratio to be given in 
terms of the ratio of signal currents 
in the input and output electrodes, or 
the ratio of a change in the output 
current to the input signal current 
which causes the change. Fig. 22 
shows typical electrode currents in 
a common-emitter circuit under no- 
signal conditions and with a one- 
microampere signal applied to the 
base. The signal current of one 
microampere in the base causes a 
change of 49 microamperes (147-98) 
in the collector current. Thus the ac 
beta for the transistor is 49. 

The frequency cutoff of a transis- 
tor is defined as the frequency at 
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Figure 22. Electrode currents under no- 
signal and signal conditions. 


which the value of alpha (for a 
common-base circuit) or beta (for a 
common-emitter circuit) drops to 
0.707 times its one-kilocycle value. 
The gain-bandwidth product is the 
frequency at which the common- 
emitter forward current-transfer 
ratio (beta) is equal to unity. These 
characteristics provide an approxi- 
mate indication of the useful fre- 
quency range of the device, and 
help to determine the most suitable. 
circuit configuration for a particular 
application. Fig. 23 shows typical 
curves of alpha and beta as functions 
of frequency. 

Extrinsic transconductance may 
be defined as the quotient of a small 
change in collector current divided 
by the small change in emitter-to- 
base voltage producing it, under the 
condition that other voltages remain 
unchanged. Thus, if an emitter-to- 
base voltage change of 0.1 volt causes 
a collector-current change of 3 milli- 
amperes (0.003 ampere) with other 
voltages constant, the transconduct- 
ance is 0.003 divided by 0.1, or 0.03 
mho. (A “mho” is the anit: of con- 
ductance, and was named by spelling 


16 


GAIN-BANOWIOTH 
PRODUCT 


100 


B 
N-EMI 
(COMMON-EMITTE, 


B CUTOFF—» 


3 


a 
\{(COMMON-BASE) 


FORWARD CURRENT — 
TRANSFER RATIO 


° 


OcPan tOot i002 a 102 10° eet Ie 
FREQUENCY—Cc/s 

Figure 23. Forward current-transfer ratio 
as a function of frequency. 

“ohm” backward.) For convenience, 

a millionth of a mho, or a micro- 

mho (wmho), is used to express trans- 

conductance. Thus, in the example, 
0.03 mho is 30,000 micromhos. 


Cutoff currents are small de reverse 
currents which flow when a transistor 
is biased into non-conduction. They 
consist of leakage currents, which 
are related to the surface character- 
istics of the semiconductor material, 
and saturation currents, which are 
related to the impurity concentration 
in the material and which increase 
with increasing temperatures. Col- 
lector-cutoff current is the de current 
which flows in the reverse-biased 
collector-to-base circuit when the 
emitter-to-base circuit is open. 
Emitter-cutoff current is the cur- 
rent which flows in the reverse- 
biased emitter-to-base circuit when 
the collector-to-base circuit is open. 


Transistor breakdown voltages de- 
fine the voltage values between two 
specified electrodes at which the crys- 
tal structure changes and current 
begins to rise rapidly. The voltage 
then remains relatively constant over 
a wide range of electrode currents. 
Breakdown voltages may be meas- 
ured with the third electrode open, 
shorted, or biased in either the for- 
ward or the reverse direction. For 
example, Fig. 24 shows a series of 
collector-characteristic curves for 
different base-bias conditions. It can 
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be seen that the collector-to-emitter 
breakdown voltage increases as the 
base-to-emitter bias decreases from 
the normal forward values through 
zero to reverse values. The symbols 
shown on the abscissa are sometimes 
used to designate collector-to-emitter 
breakdown voltages with the base 
open (BVcro), with external base-to- 
emitter resistance (BVour), with the 
base shorted to the emitter (BVons), 
and with a reverse base-to-emitter 
voltage (BVonyv). 

As the resistance in the base-to- 
emitter circuit decreases, the col- 
lector characteristic develops two 
breakdown points, as shown in Fig. 
24. After the initial breakdown, the 
collector-to-emitter voltage decreases 
with increasing collector current 
until another breakdown occurs at a 
lower voltage. This minimum collec- 
tor-to-emitter breakdown voltage is 
called the sustaining voltage. 

In large-area power transistors, 
there is a limiting mechanism 
referred to as “second breakdown”. 
This condition is not a voltage break- 
down, but rather an electrically and 
thermally regenerative process in 
which current is focused in a very 
small area of the order of the diam- 
eter of a human hair. The very 
high current, together with the volt- 
age across the transistor, causes a 
localized heating that may melt a 
minute hole from the collector to the 
emitter of the transistor and thus 
cause a short circuit. This regenera- 
tive process is not initiated unless 
certain high voltages and currents 
are coincident for certain finite 
lengths of time. 

In conventional transistor struc- 
tures, the limiting effects of second 
breakdown vary directly with the am- 
plitude of the applied voltage and 
inversely with the width of the base 
region. These effects are most severe 
in power transistors in which nar- 
row base structures are used to 
achieve good high-frequency  re- 
sponse. In RCA “overlay” power 
transistors, a special emitter con- 
figuration is used to provide greater 
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Figure 24. Typical collector-characteristic curves showing location of various breakdown 
voltages. 


current-handling capability and mini- 
mize the possibility of “hot spots” 
occurring at the emitter-base junc- 
tion. This new design extends the 
range of power and frequency over 
which transistors can be operated 
before second breakdown begins to 
limit performance. 

The curves at the left of Fig. 24 
show typical collector characteristics 
under normal forward-bias condi- 
tions. For a given base input current, 
the collector-to-emitter saturation 
voltage is the minimum voltage re- 
quired to maintain the transistor in 
full conduction (i.e., in the satura- 
tion region). Under saturation con- 
ditions, a further increase in forward 
bias produces no corresponding in- 
crease in collector current. Saturation 
voltages are very important in switch- 
ing applications, and are usually 
specified for several conditions of 
electrode currents and ambient tem- 
peratures. 

Reach-through (or punch-through) 
voltage defines the voltage value at 
which the depletion region in the 


collector region passes completely 
through the base region and makes 
contact at some point with the emit- 
ter region. This “reach-through” 
phenomenon results in a relatively 
low-resistance path between the 
emitter and the collector, and causes 
a sharp increase in current. Punch- 
through voltage does not result in 
permanent damage to a transistor, . 
provided there is sufficient impedance 
in the power-supply source to limit 
transistor dissipation to safe values. 
- Stored base charge is a measure 
of the amount of charge which exists | 
in the base region of the transistor 
at the time that forward bias is re- 
moved. This stored charge supports 
an undiminished collector current in 
the saturation region for some finite 
time before complete switching is 
effected. This delay interval, called 
the “storage time”, depends on the 
degree of saturation into which the 
transistor is driven. (This effect is 
discussed in more detail under 
“Switching” in the section on Tran- 
sistor Applications. 
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Transistor Applications 


Le diversified applications of tran- 
sistors are treated in this section 
under the major functional classifi- 
cations of Detection, Amplification, 
TV Sync and Deflection, Oscillation, 
Frequency Conversion, and Switch- 
ing. The following general descrip- 
tions of basic radio, television, 
communications, and computer sys- 
tems indicate the types of circuits 
used to perform the various special- 
ized functions in these systems, and 
serve as a guide to the specific appli- 
cations material in this section. Be- 
cause various coupling and biasing 
methods are used in transistor cir- 
cuits, bias and coupling arrange- 
ments are discussed separately before 
specific applications are considered. 
Bias stability requirements for tran- 
sistor circuits are also described. 


GENERAL SYSTEM FUNCTIONS 


When speech, music, or video in- 
formation is transmitted from a radio 
or television station, the station 
radiates a modulated radio-frequency 
(rf) carrier. The function of a radio 
or television receiver is simply to re- 
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produce the modulating wave from 
the modulated carrier. 

As shown in Fig. 25, a superhetero- 
dyne radio receiver picks up the 
transmitted modulated rf signal, am- 
plifies it and converts it to a modu- 
lated intermediate-frequency (if) 
signal, amplifies the modulated if 
signal, separates the modulating sig- 
nal from the basic carrier wave, and 
amplifies the resulting audio signal 
to a level sufficient to produce the 
desired volume in a speaker. In ad- 
dition, the receiver usually includes 
some means of producing automatic 
gain control (agc) of the modulated 
signal before the audio information 
is separated from the carrier. 

The transmitted rf signal picked 
up by the radio receiver may contain 
either amplitude modulation. (AM) 
or frequency modulation (FM). 
(These modulation techniques are 


- described later in the section on De- 


tection.) In either case, amplifica- 
tion prior to the detector stage is 
performed by tuned amplifier circuits 
designed for the proper frequency 
and bandwidth. Frequency conversion 
is performed by mixer and oscillator 
circuits or by a single converter stage 


Figure 25. Simplified block diagram for a broadcast-band receiver. 
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which performs both mixer and os- 


cillator functions. Separation of the 
modulating signal is normally ac- 
complished by one or more diodes in 
a detector or discriminator circuit. 
Amplification of the audio signal is 
then performed by one or more audio 
amplifier stages. 

Audio-amplifier systems for phono- 
graph or tape recordings are similar 
to the stages after detection in a 
radio receiver. The input to the am- 
plifier is a low-power-level audio 
signal from the phonograph or mag- 
netic-tape pickup head. This signal 
is usually amplified through a pre- 
amplifier stage, one or more low-level 
(pre-driver or driver) audio stages, 
and an audio power amplifier. The 
system may also include frequency- 
selective circuits which act as equal- 
ization networks and/or tone con- 
trols. 

The operation of a television re- 
ceiver is more complex than that of 
a radio receiver, as shown by the 
simplified block diagram in Fig. 26. 


19 


radio, these functions are accom- 
plished in rf-amplifier, mixer, and 
local-oscillator stages. The if signal 
is then amplified in if-amplifier 
stages which provide the additional 
gain required to bring the signal level 
to an amplitude suitable for detec- 
tion. 

After if amplification, the detected 
signal is separated into sound and 
picture information. The sound sig- 
nal is amplified and processed to pro- 


’ vide an audio signal which is fed to 


an audio amplifier system similar to 
those described above. The picture 
(video) signal is passed through a 
video amplifier stage which conveys 
beam-intensity information to the 
television picture tube and thus con- 
trols instantaneous “spot” bright- 
ness. At the same time, deflection 
circuits cause the electron beam of 
the picture tube to move the “spot” 


‘across the faceplate horizontally and 


vertically. Special “sync” signals de- 
rived from the video signal assure 
that the horizontal and_ vertical 


OSCILLATOR 


RF 


iF VIDEO 
AMPLIFIER DETECTOR 
GATED 
, AGC 


SOUND IF AMPLIFIER AUDIO POWER 
AND DISCRIMINATOR AMPLIFIER SPEAKER 


VIDEO 
AMPLIFIER 
SYNC 

CIRCUITS 


PICTURE 
TUBE 


DEFLECTION 
CIRCUITS 


Figure 26. Simplified block diagram for a television receiver. 


The tuner section of the receiver se- 
lects the proper rf signals for the de- 
sired channel frequency, amplifies 
them, and converts them to a lower 
intermediate frequency. As in a 


scanning are timed so that the pic- 
ture produced on the receiver exactly 
duplicates the picture being viewed 
by the camera or pickup tube. 

A communications transceiver con- 
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tains transmitting circuits, as well as 
receiving circuits similar to those of 
a radio receiver. The transmitter 
portion of such a system consists of 
two sections. In one section, the de- 
sired intelligence (voice, code, or the 
like) is picked up and amplified 
through one or more amplifier 
stages (which are usually common to 
the receiver portion) to a high-level 
stage called a modulator. In the other 
section, an rf signal of the desired 
frequency is developed in an oscilla- 
tor stage and amplified in one or more 
rf-amplifier stages. The audio-fre- 
quency (af) modulating signal is im- 
pressed on the rf carrier in the final 
rf-power-amplifier stage (high-level 
modulation), in the rf low-level stage 
(low-level modulation), or in both. 
Fig. 27 shows a simplified block dia- 
gram of the transmitter portion of 
a citizens-band transceiver that op- 
erates at a frequency of 27 mega- 
cycles per second. The transmitting 
section of a communications system 
may also include frequency-multi- 
plier circuits which raise the fre- 
quency of the developed rf signal 
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cated analytical functions at very 
high speed. 


BIASING 


For most non-switching applica- 
tions, the operating point for a par- 
ticular transistor is established by 
the quiescent (dc, no-signal) values 
of collector voltage and emitter cur- 
rent. In general, a transistor may be 
considered as a current-operated de- 
vice, i.e., the current flowing in the 
emitter-base circuit controls the 
current flowing in the collector cir- 
cuit. The voltage and current values 
selected, as well as the particular 
biasing arrangement used, depend 
upon both the transistor character- 
istics and the specific requirements 
of the application. 

As mentioned previously, biasing 
of a transistor for most applications 
consists of forward bias across the 
emitter-base junction and reverse 
bias across the collector-base junc- 
tion. In Figs. 17, 18, and 19, two 
batteries were used to establish bias 
of the correct polarity for an n-p-n 
transistor in the common-base, com- 
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Figure 27. Simplified block diagram for the transmitter portion 
of a 27-Mc/s communications transceiver. 


Basically, a computer system is de- 
signed to evaluate information sup- 
plied to it in such a way that a 
predetermined output is obtained for 
prescribed input conditions. This 
evaluation is performed by switching 
circuits (also called logic circuits or 
“gates”) which provide a binary out- 
put (“1” or “0”). Various types of 
logic circuits can be combined in 
large quantity to perform compli- 


mon-emitter, and common-collector 
circuits, respectively. Many varia- 
tions of these basic circuits can also 
be used. (In these simplified de cir- 
cuits, inductors and transformers are 
represented only by their series re- 
sistance.) 

A simplified biasing arrangement - 
for the common-base circuit is shown 
in Fig. 28. Bias for both the collector- 
base junction and the emitter-base 
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Figure 28. Biasing network for common-base circuit for (a) n-p-n and (b) p-n-p transistors. 


junction is obtained from the single 
battery through the voltage-divider 
network consisting of resistors R. 
and R;. (For the n-p-n transistor 
shown in Fig. 28a, the emitter-base 
junction is forward-biased because 
the emitter is negative with respect 
to the base, and the collector-base 
junction is reverse-biased because 
the collector is positive with respect 
to the base, as shown. For the p-n-p 
transistor shown in Fig. 28b, the 
polarity of the battery and of the 
electrolytic bypass capacitor C, is 
reversed.) The electron current I 
from the battery and through the 
voltage divider causes a voltage drop 
across resistor R. which biases the 
base. The proper amount of current 
then flows through R: so that the cor- 
rect emitter potential is established 
to provide forward bias relative to 
the base. This emitter current estab- 
lishes the amount of collector current 
which, in turn, causes a voltage drop 
across R.. Simply stated, the voltage 
divider consisting of Re and Rs es- 
tablishes the base potential; the base 
potential essentially establishes the 
emitter potential; the emitter poten- 
tial and resistor R: establish the 
emitter current; the emitter current 
establishes the collector current; and 
the collector current and R, establish 
the collector potential. Rz is bypassed 
with capacitor C: so that the base is 
effectively grounded for ac signals. 

‘A single battery can also be used 
to bias the common-emitter circuit. 
The simplified arrangement shown 
in Fig. 29 is commonly called “fixed 
bias”. In this case, both the base and 
the collector are made positive with 


respect to the emitter by means of 
the battery. The base resistance Rs 
is then selected to provide the desired — 
base current Is for the transistor 
(which, in turn, establishes the de- 
sired emitter current In), by means 
of the following expression: 


Se ae 
Cae pp — Var 
Ip 


where Vss is the battery supply volt- 
age and Vs is the base-to-emitter 
voltage of the transistor. 

In the circuit shown, for example, 
the battery voltage is six volts. The 


Figure 29. ‘“Fixed-bias” arrangement for 
common-emitter circuit. 


value of Rs was selected to provide 


a base current of 27 microamperes, 
as follows: 


6 — 0.6 


Rai= a7 x 102 > 200,000 ohms 


The fixed-bias arrangement shown 
in Fig. 29, however, is not a satis- 
factory method of biasing the base 
in a common-emitter circuit. The 
critical base current in this type of 
circuit is very difficult to maintain 
under fixed-bias conditions because — 
of variations between transistors 
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and the sensitivity of these devices 
to temperature changes. This prob- 
lem is partially overcome in the “self- 
bias” arrangement shown in Fig. 30. 


Figure 30. ‘‘Self-bias’’ arrangement for 
common-emitter circuit. 


In this circuit, the base resistor is 
tied directly to the collector. This 
connection helps to stabilize the oper- 
ating point because an increase or 
decrease in collector current pro- 
duces a corresponding decrease or 
increase in base bias. The value of 
Re is then determined as described 
above, except that the collector volt- 
age Vox is used in place of the sup- 
ply voltage Vzss: 


Ds; Vcr Sm Var 
nn ie are 


Bi 3 — 0.6 ef 
Ase VA es lade Fe 


Rs 


90,000 ohms 


The arrangement shown in Fig. 30 
overcomes many of the disadvan- 
tages of fixed bias, although it re- 
duces the effective gain of the circuit. 

In the bias method shown in Fig. 
31, the voltage-divider network com- 
posed of R: and R,. provides the 


Figure 31. Bias network using voltage- 
divider arrangement for increased stability. 


Figure 33. 


RCA Transistor Manual 


required forward bias across the 
base-emitter junction. The value of 
the base bias voltage is determined 
by the current through the voltage 
divider. This type of circuit provides 
less gain than the circuit of Fig. 30, 
but is commonly used because of its 
inherent stability. 

The common-emitter circuits shown 
in Figs. 32 and 33 may be used to 
provide stability and yet minimize 
loss of gain. In Fig. 32, a resistor 


Bias network using emitter 
stabilizing resistor. 


Figure 32. 


Rp is added to the emitter circuit, 
and the base resistor R, is returned 
to the positive terminal of the bat- 
tery instead of to the collector. The 
emitter resistor Rn» provides addi- 
tional stability. It is bypassed with 
capacitor Cz. The value of Cz de- 
pends on the lowest frequency to be 
amplified. 

In Fig. 33, the ReRs voltage-divider 
network is split, and all ac feedback 
currents through R; are shunted to 
ground (bypassed) by capacitor C,. 


Ro sR, 


Bias network using split voltage- 
divider network. 
The value of R; is usually larger 
than the value of R:. The total re- 
sistance of R. and R; should equal 
the resistance of R: in Fig. 81. 
In practical circuit applications, 
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any combination of the arrange- 
ments shown in Figs. 30, 31, 32, and 
33 may be used. However, the sta- 
bility of Figs. 30, 31, and 33 may be 
poor unless the voltage drop across 
the load resistor Rr is at least one- 
third the value of the supply volt- 
age. The determining factors in the 
selection of the biasing circuit are 
usually gain and bias stability (which 
is discussed later). 

In many cases, the bias network 
may include special elements to com- 
pensate for the effects of variations 
in ambient temperature or in sup- 
ply voltage. For example, the therm- 
istor (temperature-sensitive resis- 
tor) shown in Fig. 34a is used to 
compensate for the rapid increase 
of collector current with increasing 


SUPPLY SUPPLY 
VOLTAGE VOLTAGE 
B- B- 
BIAS BIAS 
VOLTAGE VOLTAGE 
DIODE 


THERMISTOR 


(a) (b) 


Figure 34. Bias networks including (a) a 
thermistor and (b) a temperature- and 
voltage-compensating diode. 


temperature. Because the thermistor 
resistance decreases as the tempera- 
ture increases, the emitter-to-base 
bias voltage is reduced and the col- 
lector current tends to remain con- 
stant. The addition of the shunt and 
series resistances provides most ef- 
fective compensation over a desired 
temperature range. 

The diode biasing network shown 
in Fig. 34b stabilizes collector cur- 
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rent for variations in both tempera- 
ture and supply voltage. The for- 
ward-biased diode current determines 
a bias voltage which establishes the 
transistor idling current (collector 
current under no-signal conditions). 
As the temperature increases, this 
bias voltage decreases. Because the 
transistor characteristic also shifts 
in the same direction and magnitude, 
however, the idling current remains 
essentially independent of tempera- 
ture. Temperature stabilization with 
a properly designed diode network is 
substantially better than that pro- 
vided by most thermistor bias net- 
works. Any temperature-stabilizing 
element should be thermally close to 
the transistor being stabilized. 

In addition, the diode bias current 
varies in direct proportion with 
changes in supply voltage. The re- 
sultant change in bias voltage is 
small, however, so that the idling 
current also changes in direct pro- 
portion to the supply voltage. Sup- 
ply-voltage stabilization with a diode 
biasing network reduces current 
variation to about one-fifth that ob- 
tained when resistor or thermistor 
bias is used for a germanium tran- 
sistor and one-fifteenth for a silicon 
transistor. 

The bias networks of Figs. 29 
through 33 are generally used in 
class A circuits. Class B circuits 
normally employ the bias networks 
shown in Fig. 34. The bias resistor 
values for class B circuits are gen- 
erally much lower than those for 
class A circuits. 


BIAS STABILITY 


Because transistor currents tend 
to increase with temperature, it is 
necessary in the design of transistor 
circuits to include a “stability fac- 
tor’ to keep the collector-current 
variation within tolerable values un- 
der the expected high-temperature 
operating conditions. The bias sta- 
bility factor SF is expressed as the 


‘ratio between a change in de collector 
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current and the corresponding change 
in de collector-cutoff current. 

For a given set of operating volt- 
ages, the stability factor can be ¢al- 
culated for a maximum permissible 
rise in de collector current from the 
room-temperature value, as follows: 


[cmax —_ Ic 


SF = 


IcBo2 ee Topot 


where Ic: and Icso: are measured at 
25 degrees centigrade, Icso: is meas- 
ured at the maximum expected am- 
bient (or junction) temperature, and 
Tomax is the maximum permissible 
collector current for the specified 
collector-to-emitter voltage at the 
maximum expected ambient (or junc- 
tion) temperature (to keep transis- 
tor dissipation within ratings). 
The calculated values of SF can 
then be used, together with the ap- 
propriate values of beta and rp: base- 
connection resistance), to determine 
suitable resistance values for the 
transistor circuit. Fig. 385 shows 
equations for SF in terms of resist- 
ance values for three typical circuit 
configurations. The maximum value 
which SF can assume is the value of 
beta. Although this analysis was 
originally made for germanium tran- 
sistors, in which the collector satura- 
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tion current Ic is relatively large, 
the same type of analysis may be ap- 
plied to interchangeability with beta 
for silicon transistors. 


COUPLING 


Three basic methods are used to 
couple transistor stages: trans- 
former, resistance-capacitance, and. 
direct coupling. 

The major advantage of trans- 
former coupling is that it permits 
power to be transferred from one 
impedance level to another. A 
transformer-coupled common-emitter 
n-p-n stage is shown in Fig. 36. The 
voltage step-down transformer T; 
couples the signal from the collector 
of the preceding stage to the base of 
the common-emitter stage. The volt- 
age loss inherent in this transformer 
is not significant in transistor cir- 
cuits because, as mentioned pre- 
viously, the transistor is a current- 
operated device. Although the voltage 
is stepped down, the available cur- 
rent is stepped up. The change in 
base current resulting from the 
presence of the signal causes an ac 
collector current to flow in the pri- 
mary winding of transformer T:, and 
a power gain is obtained between T; 
and T». 

This use of a voltage step-down 


R3 


Rj 
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Figure 35. Bias-stability-factor equations for three typical circuit configurations. 
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Figure 36. Transformer-coupled common-emitter stage. 


transformer is similar to that in the 
output stage of an audio amplifier, 
where a step-down transformer is 
normally used to drive the loud- 
speaker, which is also a current- 
operated device. 

The voltage-divider network con- 
sisting of resistors R; and R, in Fig. 
36 provides bias for the transistor. 
The voltage divider is bypassed by 
capacitor C; to avoid signal attenua- 
tion. The stabilizing emitter resistor 
Re permits normal variations of the 


transistor and circuit elements to be 


compensated for automatically with- 
out adverse effects. This resistor Rr 
is bypassed by capacitor C:. The 
voltage supply Vss is also bypassed, 
by capacitor Cs, to prevent feedback 
in the event that ac signal voltages 
are developed across the power sup- 
ply. Capacitor Ci and C: may nor- 
mally be replaced by a single 
capacitor connected between the emit- 
ter and the bottom of the secondary 
winding of transformer T: with little 
change in performance. 

The use of resistance-capacitance 
coupling usually permits some econ- 
omy of circuit costs and reduction 
of size, with some accompanying 
sacrifice of gain. This method of 
coupling is particularly desirable in 
low-level, low-noise audio amplifier 
stages to minimize hum pickup from 
stray magnetic fields. Use of resist- 
ance-capacitance (RC) coupling in 
battery-operated equipment is usu- 
ally limited to low-power operation. 
The frequency response of an RC- 


coupled stage is normally better than 
that of a transformer-coupled stage. 

Fig. 37a shows a two-stage RC- 
coupled circuit using n-p-n transis- 
tors in the common-emitter config- 
uration. The method of bias is similar 
to that used in the transformer- 
coupled circuit of Fig. 36. The major 
additional components are the col- 
lector load resistances Ri: and Ri 
and the coupling capacitor C.. The 
value of C. must be made fairly 
large, in the order of 2 to 10 micro- 
farads, because of the small input 
and load resistances involved. (It 
should be noted that electrolytic ca- 
pacitors are normally used for cou- 
pling in transistor audio circuits. 
Polarity must be observed, therefore, 
to obtain proper circuit operation. 
Occasionally, excessive leakage cur- 
rent through an electrolytic coupling 
capacitor may adversely affect tran- 
sistor operating currents.) 

Impedance coupling is a modified 
form of resistance-capacitance cou- 
pling in which inductances are used 
to replace the load resistors. This 
type of coupling is rarely used ex- 
cept in special applications where 
supply voltages are low and cost is 
not a significant factor. 

Direct coupling is used primarily 
when cost is an important factor. 
(It should be noted that direct- 
coupled amplifiers are not inherently 
de amplifiers, i.e., that they cannot 
always amplify dc signals. Low- 
frequency response is usually limited 
by other factors than the coupling 
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(a) Two-stage resistance-capacitance-coupled circuit and (b) two-stage direct- 


coupled circuit. 


network.) In the direct-coupled am- 
plifier shown in Fig. 37b, resistor R; 
serves as both the collector load re- 
sistor for the first stage and the 
bias resistor for the second stage. 
Resistors Ri and R, provide circuit 
stability similar to that of Fig. 31 
because the emitter voltage of tran- 
sistor Q. and the collector voltage of 
transistor Q: are within a few tenths 
of a volt of each other. 

Because so few circuit parts are 
required in the direct-coupled ampli- 
fier, maximum economy can _ be 
achieved. However, the number of 
stages which can be directly coupled 
is limited. Temperature variation of 
the bias current in one stage may be 
amplified by all the stages, and 
severe temperature instability may 
result. 


DETECTION 


The circuit of a radio, television, or 
communications receiver in which the 
modulation is separated from the car- 
rier is called the demodulator or 


detector stage. Transmitted rf sig- 
nals may be modulated in either of 
two ways. If the frequency of the 
carrier remains constant and its am- 
plitude is varied, the carrier is called 
an amplitude-modulated (AM) sig- 
nal. If the amplitude remains essen- 
tially constant and the frequency is 
varied, the carrier is called a fre- 
quency-modulated (FM) signal. 
The effect of amplitude modula- 
tion (AM) on the waveform of an rf 
signal is shown in Fig. 38. The audio- 


UNMODULATED 
RF CARRIER 


AMPLITUDE—MODULATED 
RF WAVE 
AF MODULATING 
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Figure 38. Waveforms showing effect of 
amplitude modulation on an rf wave. 
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frequency (af) modulation can be 


extracted from the amplitude-modu- 
lated carrier by means of a simple 
diode detector circuit such as that 
shown in Fig. 39. This circuit elimi- 
nates alternate half-cycles of the 


IF 
INPUT 


Figure 39. Basic diode detector circuit. 


waveform, and detects the peaks of 
the remaining half-cycles to produce 
the output voltage shown in Fig. 40. 
In this figure, the rf voltage applied 
to the circuit is shown in light line; 
the output voltage across the capaci- 
tor C is shown in heavy line. 


d 


AMPLITUDE—MODULATED 
RF WAVE 


Figure 40. Waveform showing modulated 
rf input (light line) and output voltage 
(heavy line) of diode-detector circuit 
of Figure 39. 


Between points (a) and (b) of 
Fig. 40, capacitor C charges up to the 
peak value of the rf voltage. Then, 
as the applied rf voltage falls away 
from its peak value, the capacitor 
holds the cathode of the diode at a 
potential more positive than the volt- 
age applied to the anode. The capaci- 
tor thus temporarily cuts off current 
through the diode. While the diode 
current is cut off, the capacitor dis- 
charges from (b) to (c) through the 
diode load resistor R. 

When the rf voltage on the anode 
rises high enough to exceed the po- 
tential at which the capacitor holds 
the cathode, current flows again and 
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the capacitor charges up to the peak 
value of the second positive half- 
cycle at (d). In this way, the voltage 
across the capacitor follows the peak 
value of the applied rf voltage and 
reproduces the af modulating signal. 
The jaggedness of the curve in Fig. 
40, which represents an rf component 
in the voltage across the capacitor, 
is exaggerated in the drawing. In an 
actual circuit, the rf component of 
the voltage across the capacitor is 
small. When the voltage across the 
capacitor is amplified, the output of 
the amplifier reproduces the speech 
or music that originated at the trans- 
mitting station. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the signal on the anode swings posi- 
tive, the diode conducts and the rec- 
tified current flows. The dc voltage 
across the capacitor C varies in ac- 
cordance with the rectified ampli- 
tude of the carrier and thus repro- 
duces the af signal. Capacitor C 
should be large enough to smooth 
out rf or if variations, but should 
not be so large as to affect the audio 
variations. (Although two diodes 
can be connected in a circuit similar 
to a full-wave rectifier to produce 
full-wave detection, in practice the 
advantages of this'connection gen- 
erally do not justify the extra cir- 
cuit cost and complication.) 

In the circuit shown in Fig. 39, it 
is often desirable to forward-bias the 
diode almost to the point of conduc- 
tion to improve performance for weak 
signal levels. It is also desirable that 
the resistance of the ac load which 
follows the detector be considerably 
larger than the diode load resistor 
to avoid severe distortion of the audio 
waveform at high modulation levels. 

The effect of frequency modulation 
(FM) on the waveform of an rf sig- 
nal is shown in Fig. 41. In this type 
of transmission, the frequency of the 
rf carrier deviates from the mean 
value at a rate proportional to the 
audio-frequency modulation and by 
an amount (determined in the trans- 
mitter) proportional to the ampli- 
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Figure 41. Waveforms showing effect of 
frequency modulation on an rf wave. 


tude of the af modulating signal. 
That is, the number of times the 
carrier frequency deviates above and 
below the center frequency is a 
measure of the frequency of the 
modulating signal; the amount of 
frequency deviation from the center 
frequency is a measure of the loud- 
ness of the modulating signal. For 
this type of modulation, a detector 
is required to discriminate between 
deviations above and below the center 
frequency and to translate these de- 
viations into a voltage having an 
amplitude that varies at audio fre- 
quencies. 

The FM detector shown in Fig. 42 
is called a balanced phase-shift dis- 
criminator. In this detector, the mu- 


Figure 42. Balanced 


phase-shift 
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tually coupled tuned circuits in the 
primary and secondary windings of 
the transformer T are tuned to the 
center frequency. A characteristic of 
a double-tuned transformer is that 
the voltages in the primary and sec- 
ondary windings are 90 degrees out 
of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, 
the signal applied to the diodes and 
the RC combinations for peak de- 
tection also changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, 
the applied primary voltage E, is 
added to one-half the secondary volt- 
age E, through the capacitor C:. The 
addition of these voltages at reso- 
nance can be represented by the dia- 
gram in Fig. 48; the resultant volt- 
age E, is the signal applied to one 
peak-detector network consisting of 


Es/2 


Ep 


Figure 43. Diagram illustrating phase shift 
in double-tuned transformer at resonance. 


one diode and its RC load. When 
the signal frequency decreases 
(from resonance), the phase shift of 
E,/2 becomes greater than 90 de- 
grees, as shown at (a) in Fig. 44, 
and E; becomes smaller. When the 
signal frequency increases (above 
resonance), the phase shift of E,/2 
is less than 90 degrees, as shown at 
(b), and E; becomes larger. The curve 
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(a) (b) 


Figure 44. Diagrams Beegtlt al lrolae 
shift in double-tuned transformer (a) below 
resonance and (b) above resonance. 


of E, as a function of frequency in 
Fig. 45 is readily identified as the re- 
sponse curve of an FM detector. 
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Figure 45. Diagram showing_ resultant 
voltage Ei: in Figure 43 as a function of 
frequency. 


Because the discriminator circuit 
shown in Fig. 42 uses a push-pull 
configuration, the diodes conduct on 
alternate half-cycles of the signal 
frequency and produce a plus-and- 
minus output with respect to zero 
rather than with respect to E.. The 
primary advantage of this arrange- 
ment is that there is no output at 
resonance. When an FM signal is 
applied to the input, the audio out- 


Figure 46. 
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put voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. 
The frequency of this audio voltage is 
determined by the modulation fre- 
quency of the FM signal, and the am- 
plitude of the voltage is proportional 
to the frequency excursion from reso- 
nance. (The resistor Rez in the circuit 
provides a de return for the diodes, 
and also maintains a load impedance 
across the primary winding of the 
transformer.) 

One disadvantage of the balanced 
phase-shift discriminator shown in 
Fig. 42 is that it detects audio modu- 
lation (AM) as well as frequency 
modulation (FM) in the if signal be- 
cause the circuit is balanced only at 
the center frequency. At frequencies 
off resonance, any variation in am- 
plitude of the if signal is reproduced 
to some extent in the audio output. 

The ratio-detector circuit shown in 
Fig. 46 is a discriminator circuit 
which has the advantage of being 
relatively insensitive to amplitude 
variations in the FM signal. In this 
circuit, E, is added to E,/2 through 
the mutual coupling M: (this volt- 
age addition may be made by either 
mutual or capacitive coupling). Be- 
cause of the phase-shift relationship 
of these voltages, the resultant de- 
tected signals vary with frequency 
variations in the same manner as de- 
scribed for the phase-shift discrimi- 
nator circuit shown in Fig. 42. 
However, the diodes in the ratio de- 
tector are placed “back-to-back” (in 
series, rather than in push-pull) so 
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Ratio-detector circuit. 
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that both halves of the circuit oper- 
ate simultaneously during one-half 
of the signal frequency cycle (and 
are cut off on the other half-cycle). 
As a result, the detected voltages E, 
and Ee are in series, as shown for 
the instantaneous polarities that oc- 
cur during the conduction half-cycle. 
When the audio output is taken be- 
tween the equal capacitors C: and 
C2, therefore, the output voltage is 
equal to (E.—E:)/2 (for equal re- 
sistors Ri and Re). 

The de circuit of the ratio detector 
consists of a path through the sec- 
ondary winding of the transformer, 
both diodes (which are in series), and 
resistors Ri and Re. The value of the 
electrolytic capacitor Cs is selected 
so that the time constant of Ri, Rz, 
and C; is very long compared to the 
detected audio signal. As a result, 
the sum of the detected voltages 
(E: + E:) is a constant and the AM 
components on the signal frequency 
are suppressed. This feature of the 
ratio detector provides improved AM 
rejection as compared to the phase- 
shift discriminator circuit shown in 
Kis 42. 


“AMPLIFICATION 


The amplifying action of a tran- 
sistor can be used in various ways 
in electronic circuits, depending on 
the results desired. The four recog- 
nized classes of amplifier service can 
be defined for transistor circuits as 
follows: 

A class A amplifier is an amplifier 
in which the base bias and alter- 
nating signal are such that collector 
current in a transistor flows con- 
tinuously during the complete elec- 
trical cycle of the signal, and even 
when no signal is present. 

A class AB amplifier is an ampli- 
fier in which the base bias and alter- 
nating signal are such that collector 
current in a transistor flows for ap- 
preciably more than half but less 
than the entire electrical cycle. 

A class B amplifier is an amplifier 
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in which the base is biased to ap- 
proximately collector-current cutoff, 
so that collector current is approxi- 
mately zero when no signal 1s ap- 
plied, and so that collector current 
in a transistor flows for approxi- 
mately one-half of each cycle when 
an alternating signal is applied. 

A class C amplifier is an amplifier 
in which the base is biased to such 
a degree that the collector current 
in a transistor is zero when no 
signal is applied, and so that col- 
lector current in a transistor flows 
for appreciably less than one-half of 
each cycle when an alternating sig- 
nal is applied. 

For radio-frequency (rf) ampli- - 
fiers which operate into selective 
tuned circuits, or for other ampli- 
fiers in which distortion is not a 
prime factor, any of the above classes 
of amplification may be used with 
either a single transistor or a push- 
pull stage. For audio-frequency (af) 
amplifiers in which distortion is an 
important factor, single transistors 
can be used only in class A ampli- 
fiers. For class AB or class B audio- 
amplifier service, a balanced amplifier 
stage using two transistors is re- 
quired. A push-pull stage can also 
be used in class A audio amplifiers 
to obtain reduced distortion and 
greater power output. Class C ampli- 
fiers cannot be used for audio or AM 
applications. 


Audio Amplifiers 


Audio amplifier circuits are used 
in radio and television receivers, 
public address systems, sound re- 
corders and reproducers, and similar 
applications to amplify signals in the 
frequency range from 20 to 20,000 
cycles per second. Each transistor in 
an audio amplifier can be considered 
as either a current amplifier or a 
power amplifier. 

Simple class A amplifier circuits 
are normally used in low-level audio 
stages such as preamplifiers and 
drivers. Preamplifiers usually follow 


Transistor Applications 


low-level output transducers such as 


microphones, hearing-aid and phono- 
graph pickup devices, and recorder- 
reproducer heads. 

One of the important character- 
istics of a low-level amplifier circuit 
is its signal-to-noise ratio, or noise 
figure. The input circuit of an am- 
plifier inherently contains some 
thermal noise contributed by the re- 
sistive elements in the input device. 
All resistors generate a predictable 
quantity of noise power as a result 
of thermal activity. This power is 
about 160 dB below one watt for a 
bandwidth of 10 kilocycles per 
second. 

When an input signal is amplified, 
therefore, the thermal noise gener- 
ated in the invut circuit is also 
amplified. If the ratio of signal 
power to noise power (S/N) is the 
same in the output circuit as in the 
input circuit, the amplifier is con- 
sidered to be “noiseless” and is said 
to have a noise figure of unity, or 
zero GB. 

In practical circuits, however, the 
ratio of signal power to noise power 
is inevitably impaired during ampli- 
fication as a result of the generation 
of additional noise in the circuit ele- 
ments. A measure of the degree of 
impairment is called the noise figure 
(NF) of the amplifier, and is ex- 
pressed as the ratio of signal power 
to noise power at the input (S:/N:) 
divided by the ratio of signal power 
to noise power at the output (S./N>), 
as follows: 


S./No 


The noise figure in dB is equal to 
ten times the logarithm of this 
power ratio. For example, an ampli- 
fier with a one-dB noise figure de- 
creases the signal-to-noise ratio by 
a factor of 1.26, a 3-dB noise figure 
by a factor of 2, a 10-dB noise figure 
by a factor of 10, and a 20-dB noise 
figure by a factor of 100. 

In audio amplifiers, it is desirable 
that the noise figure be kept low. In 


NF = 
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general, the lowest value of NF is 
obtained by use of an emitter cur- 
rent: of less than one milliampere and 
a collector voltage of less than two 
volts for a signal-source resistance 
between 300 and 3000 ohms. If the 
input impedance of the transistor is 
matched to the impedance of the sig- 
nal source, the lowest value of NF 
that can be attained is 3 dB. Gener- 
ally, the best noise figure is obtained 
by use of a transistor input imped- 
ance approximately 1.5 times the 
source impedance. However, this con- 
dition is often not realizable in prac- 
tice because many transducers are 
reactive rather than resistive. In ad- 
dition, other requirements such as 
circuit gain, signal-handling capa- 
bility, and reliability may not permit 
optimization for noise. 

In the simple low-level amplifier 
stage shown in Fig. 47, resistor Ri 
determines the base bias for the tran- 
sistor. The output signal is devel- 


-oped across the load resistor Re. The 


Figure 47. 


Simple low-level class A 
amplifier. 
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collector voltage and the emitter cur- 
rent are kept relatively low to reduce 
the noise figure. If the load imped- 
ance across the capacitor C2 is low 
compared to Re, very little voltage 
swing results on the collector. There- 
fore, ac feedback through R: does not 
cause much reducton of gain. 

In many cases, low-level amplifier 
stages used as preamplifiers inciude 
some type of frequency-compensa- 
tion network to enhance either the 
low-frequency or the high-frequency 
components of the input signal. The 
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frequency range and dynamic range* 
which can be recorded on a phono- 
graph record or on magnetic tape 
depend on several factors, including 
the composition, mechanical charac- 
teristics, and speed of the record or 
tape, and the electrical and mechani- 
cal characteristics of the recording 
equipment. To achieve wide fre- 
quency and dynamic range, manu- 
facturers of commercial recordings 
use equipment which introduces a 
nonuniform relationship between am- 
plitude and frequency. This rela- 
tionship is known as a “recording 
characteristic’. To assure proper 
reproduction of a high-fidelity re- 
cording, therefore, some part of the 
reproducing system must have a fre- 
quency-response characteristic which 
is the inverse of the recording char- 
acteristic. Most manufacturers of 
high-fidelity recordings use the RCA 
“New Orthophonic’ (RIAA) char- 
acteristic for discs and the NARTB 
characteristic for magnetic tape. 
The simplest type of equalization 
network is shown in Fig. 48. Because 
the capacitor C is effectively an open 
circuit at low frequencies, the low 
frequencies must be passed through 
the resistor’ R and are attenuated. 


AMPLIFIER 
STAGE 
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the types of recordings which are to 
be reproduced and on the pickup de- 
vices used. All commercial pickup 
devices provide very low power levels 
to a transistor preamplifier stage 
(transistors amplify current, not 
voltage). 

A ceramic high-fidelity phono- 
graph pickup is usually designed to 
provide proper compensation for the 
RIAA recording characteristic when 
the pickup is operated into the load 
resistance specified by its manufac- 


turer. Usually, a “matching” resis- 


tor is inserted in series with the input 
of the preamplifier transistor. How- 
ever, this arrangement produces a 
fairly small signal current which 
must then be amplified. If the match- 
ing resistor is not used, equalization 
is required, but some improvement 
can be obtained in dynamic range and 
gain. 

A magnetic high-fidelity phono- 
graph pickup, on the other hand, 
usually has an essentially flat fre- 
quency-response characteristic. Be- 
cause a pickup of this type merely 
reproduces the recording charac- 
teristic, it must be followed by an 
equalizer network, as well as by a 
preamplifier having sufficient gain to 
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Figure 48. Simple RC frequency-compensation network. 


The capacitor has a lower reactance 
at high frequencies, however, and by- 
passes high-frequency components 
around R so that they receive neg- 
ligible attenuation. Thus the network 
effectively “boosts” the high frequen- 
cies. This type of equalization is 
ealled “attenuative’’. 

Some typical preamplifier stages 
are shown in the Circuits section. 
The location of the frequency-com- 
pensation network or “equalizer” in 
the reproducing system depends on 


satisfy the input requirements of the 
tone-control amplifier and/or power 
amplifier. Many designs include both 
the equalizing and amplifying cir- 
cuits in a single unit. 

A high-fidelity magnetic-tape pick- 
up head, like a magnetic phonograph 
pickup, reproduces the recording 
characteristic. This type of pickup 
device, therefore, must also be fol- 
lowed by an equalizing network and 
preamplifier to provide equalization 
for the NARTB characteristic. 


*The dynamic range of an amplifier is a measure of its signal-handling capability. The 
dynamic range expresses in dB the ratio of the maximum usable output signal (generally 
for a distortion of about 10 per cent) to the minimum usable output signal (generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable; 
a value of 70 dB is exceptional for any audio system. 
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Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a por- 
tion of the output signal to the input 
circuit of an amplifier. The feedback 
signal may be returned in phase with 
the input signal (positive or re- 
generative feedback) or 180 degrees 
out of phase with the input signal 
(negative, inverse, or degenerative 
feedback). In either case, the feed- 
back can be made proportional to 
either the output. voltage or the out- 
put current, and can be applied to 
either the input voltage or the input 
current. A negative feedback signal 
proportional to the output current 
raises the output impedance of the 
amplifier; negative feedback propor- 
tional to the output voltage reduces 
the output impedance. A negative 
feedback signal applied to the input 
current decreases the input imped- 
ance; negative feedback applied to 
the input voltage increases the input 
impedance. Opposite effects are pro- 
duced by positive feedback. 


A: simple negative or inverse feed- | 


back network which provides high- 
frequency boost is shown in Fig. 49. 


Ri 


Figure 49. 
This network provides equalization 
comparable to that obtained with Fig. 
48, but is more suitable for low-level 
amplifier stages because it does not 
require the first amplifier stage to 
provide high-level low frequencies. 
In addition, the inverse feedback im- 
proves the distortion characteristics 
of the amplifier. 

As mentioned previously, it is 
undesirable to use a high-resistance 
signal source for a transistor audio 
amplifier because the extreme im- 
pedance mismatch results in high 
noise figure. High source resistance 
cannot be avoided, however, if an 
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input device such as a ceramic pickup 
is used. In such cases, the use of nega- 
tive feedback to raise the input im- 
pedance of the amplifier circuit (to 
avoid mismatch loss) is no solution 
because feedback cannot improve the 
signal-to-noise ratio of the amplifier. 
A more practical method is to in- 
erease the input impedance some- 
what by operating the transistor at 
the lowest practical current level and 
by using a transistor which has a 
high forward current-transfer ratio. 

Some preamplifier or low-level 
audio amplifier circuits include vari- 
able resistors or potentiometers which 
function as volume or tone controls. 
Such circuits should be designed to 
minimize the flow of de currents 
through these controls so that little 
or no noise will be developed by the 
movable contact during the life of 
the circuit. Volume controls and their 
associated circuits should permit 
variation of gain from zero to maxi- 
mum, and should attenuate all 
frequencies equally for all positions 
of the variable arm of the control. 
Several examples of volume controls 
and tone controls are shown in the 
Circuits section. 


AMPLIFIER 
STAGE 


Negative-feedback frequency-compensation network. 


A tone control is a variable filter 
(or one in which at least one element 
is adjustable) by means of which the 
user may vary the frequency re- 
sponse of an amplifier to suit his own 
taste. In radio receivers and home 
amplifiers, the tone control usually 
consists of a resistance-capacitance 
network in which the resistance is the 
variable element. 

The simplest form of tone control 
is a fixed tone-compensating or 
“equalizing” network such as that 
shown insFig. 50. At high frequencies, 
the capacitor Cz serves as a bypass 
for the resistor R:, and the combined 
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impedance of the resistor-capacitor 
network is reduced. Thus, the output 
of the network is greater at high fre- 
quencies than at low frequencies, and 
the frequency response is reasonably 
flat over a wide frequency range. The 
response curve can be “flattened” 
still more by use of a lower value for 
resistor Ri. 


Bt 


R2 


C2 


Ry 


Figure 50. Simple tone-control network for 
fixed tone compensation or equalization. 


_ The tone-control network shown in 

Fig. 51 has two stages with com- 
pletely separate bass and treble con- 
trols. Fig. 52 shows’ simplified 
representations of the bass control 
when the potentiometer is turned to 
its extreme variations (labeled 
BOOST and CUT). At very high fre- 
quencies, Ci and C:, are effectively 
short circuits and the network be- 
comes the simple voltage divider R: 
and Re. In the bass-boost position, 
Rs is inserted in series with Rez so 
that there is less attenuation to very 
low frequencies than to very high 
frequencies. Therefore, the bass is 
said to be “‘boosted”’. In the bass-cut 


BASS 
A 
. Cc, 
Ruy R 
C; 
Qi 
ae, C) BOOST 
B+ 
z ace 5 
CUT 
Ro 
Figure 51. Two-stage tone-control 
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position, Rs is inserted in series with 
R, so that there is more attenuation 
to very low frequencies. 


A BASS BOOST B A 
Rj R; 


BASS CUT B 
R3 


Cy Ro 


Figure 52. Simplified representations of 
bass-control circuit at extreme ends of 
potentiometer. 


Fig. 53 shows extreme positions of 
the treble control. R.e is generally 
much larger than R, or Rs and may 
be treated as an open circuit in the 
extreme positions. In both the boost 
and cut positions, very low frequen- 
cies are controlled by the voltage di- 
vider R, and Rs. In the boost position, 


TREBLE BOOST TREBLE CUT 
R4 R4 
c DG 
Tabane Rs 
C5 


Figure 53. Simplified representations of 
treble-control circuit at extreme ends of 
potentiometer. 


R: is bypassed by the high frequen- 
cies and the voltage-divider point D 
is placed closer to C. In the cut posi- 


TREBLE 
Cc 
Cce 
RLo 504 SR4 
BOOST 
Q2 D 
eo 
B ‘a Bhai” 
\ hy CUT 
Rs 
Cs 


circuit incorporating separate bass 


and treble controls. 


Transistor Applications 


tion, Rs is bypassed and there is 
greater attenuation of the high fre- 
quencies. 


The frequencies at which boost and 
cut occur in the circuit of Fig. 51 are 
controlled by the values of C:, Cs, C., 
and C;. Both the output impedance of 
the driving stage (generally Ri:) and 
the loading of the driven stage af- 
fect the response curves and must be 
considered. This tone-control circuit, 
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audio driver must provide two output 
signals, each 180 degrees out of 
phase with the other. This phase re- 
quirement can be met by use of a 
tapped-secondary transformer be- 
tween a single-ended driver stage 
and the output stage, as shown in 
Fig. 54. The transformer T: provides 
the required out-of-phase input sig- 
nals for the two transistors Q, and 
Q. in the push-pull output stage. 


Figure 54. Driver stage for push-pull output circuit. 


like the one in Fig. 50, is attenuative. 
Feedback tone controls may also be 
employed. 

The location of a tone-control net- 
work is of considerable importance. 
In a typical preamplifier, it may be 
in the collector circuit of the final 
low-level stage or in the input circuit 
of the first stage. If the amplifier in- 
corporates negative feedback, the 
tone control must be inserted in a 
part of the amplifier which is external 
to the feedback loop, or must be made 
a part of the feedback network. The 
over-all gain of a well designed tone- 
control network should be approxi- 
mately unity. The system dynamic 
range should be adequate for all fre- 
quencies anticipated with the tone 
controls in any position. The high- 
frequency gain should not be ma- 
terially affected as the bass control 
is varied, nor should the low-fre- 
quency gain be sensitive to the 
treble control. 

Driver stages in audio amplifiers 
are located immediately before the 
power-output stage. When a single- 
ended class A output stage is used, 
the driver stage is similar to a pre- 
amplifier stage. When a push-pull 
output stage is used, however, the 


Transistor audio power amplifiers 
may be class A single-ended stages, 
or class A, class AB, or class B 
push-pull stages. A simple class A 
single-ended power amplifier is 
shown in Fig. 55. Component values 
which will provide the desired power 
output can be calculated from the 


Figure 55. Class A power-amplifier circuit. 


transistor characteristics and _ the 
supply voltage. For example, an out- 
put of four watts may be desired 
from a circuit operating with a sup- 
ply voltage of 14.5 volts (this volt- 
age is normally available in auto- 
mobiles which have a 12-volt ignition 
system). If losses are assumed to be 
negligible, the power output (PO) 
is equal to the peak collector volt- 
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age (e.) times the peak collector 
current (i-), each divided by the 
square root of two to obtain rms 
values. The peak collector current 
can then be determined as follows: 


ay Oo Me 
a di Mees 4? 
ie = PO(V2) X xe 


c 


PO 


— 2. 
ss 44/2 V27 
Aras 14.5 
0.55, or approximately 
0.6 ampere. 


In class A service, the de collector 
current and the peak collector swing 
are about the same. Thus, the col- 
lector voltage and current are 14.5 
volts and 0.6 ampere, respectively. 

The voltage drop across the re- 
sistor Rez in Fig. 55 usually ranges 
from 0.3 to 1 volt; a typical value of 
0.6 volt can be assumed. The value 
of Rez must equal the 0.6-volt drop 
divided by the 0.6-ampere emitter 
current, or one ohm. (The emitter 
current is assumed to be nearly equal 
to the 0.6-ampere collector current.) 

The current through resistor R, 
should be about 10 to 20 per cent of 
the collector current; a typical value 
is 15 per cent of 0.6, or 90 milli- 
amperes. 

The voltage from base to ground 
is equal to the base-to-emitter volt- 
age (determined from the transistor 
transfer-characteristics. curves for 
the desired collector or emitter cur- 
rent; normally about 0.4 volt for a 
germanium power transistor operat- 
ing at an emitter current of 600 milli- 
amperes) plus the emitter-to-ground 
voltage (0.6 volt as described above), 
or one volt. The voltage across Rz, 
therefore, is 14.5 minus 1, or 13.5 
volts. The value of Re must equal 
13.5 divided by 90, or about 150 ohms. 

Because the voltage drop across 
the secondary winding of the driver 
transformer T; is negligible, the volt- 
age drop across R; is one volt. The 
current through Ri equals the cur- 
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rent through R, (90 milliamperes) 
minus the base current. If the dc 
forward current-transfer ratio (beta) 
of the transistor selected has a typi- 
cal value of 60, the base current 
equals the collector current of 600 
milliamperes divided by 60, or 10 
milliamperes. The current through 
R; is then 90 minus 10, or 80 milli- 
amperes, and the value of R: is 1 
divided by 80, or about 12 ohms. 


The transformer requirements are 
determined from the ac voltages and 
currents in the circuit. The peak 
collector voltage swing that can be 
used before distortion occurs as a 
result of clipping of the output volt- 
age is about 18 volts. The peak col- 
lector current swing available before 
current cutoff occurs is the dc cur- 
rent of 600 milliamperes. Therefore, 
the collector load impedance should 
be 13 volts divided by 600 milli- 
amperes, or about 20 ohms, and the 
output transformer T. should be de- 
signed to match a 20-ohm primary 
impedance to the desired speaker im- 
pedance. If a 3.2-ohm Speaker is 
used, for example, the impedance 
values for T. should be 20 ohms to 
3.2 ohms. 


The total input power to the circuit 
of Fig. 55 is equal to the voltage 
required across the secondary wind- 
ing of the driver transformer T; 
times the current. The driver signal 
current is equal to the base cur- 
rent (10 milliamperes peak, or 7 mil- 
liamperes rms). The peak ac signal 
voltage is nearly equal to the sum of 
the base-to-emitter voltage across 
the transistor (0.4 volt as determined 
above), plus the voltage across Rx 
(0.6 volt), plus the peak ac signal 
voltage across Ri (10 milliamperes 
times 12 ohms, or 0.12 volt). The in- 
put voltage, therefore, is about one 
volt peak, or 0.7 volt rms. Thus, the 
total ac input power required to pro- 
duce an output of 4 watts is 0.7 volt 
times 7 milliamperes, or 5 milliwatts, 
and the input impedance is 0.7 volt 
divided by 7 milliamperes, or 100 
ohms. 


Transistor Applications 


Higher power output can be 
achieved with less distortion in class 
A service by the use of a push-pull 
circuit arrangement. One of the dis- 
advantages of a transistor class A 
amplifier (single-ended or push-pull), 
however, is that collector current 
flows at all times. As a result, tran- 
sistor dissipation is highest when no 
ac signal is present. This dissipation 
can be greatly reduced by use of 
class B push-pull operation. When 
two transistors are connected in 
class B push-pull, one transistor 
amplifies half of the signal, and the 
other transistor amplifies the other 
half. These half-signals are then 
combined in the output circuit to re- 
store the original waveform in an 
amplified state. 

Ideally, transistors used in class B 
service should be biased to collector 
cutoff so that no power is dissipated 
under zero-signal conditions. At low 
signal inputs, however, the resulting 
signal would be distorted, as shown 
in Fig. 56, because of the low for- 
ward current-transfer ratio of the 
transistor at very low currents. This 
type of distortion, called cross-over 
distortion, can be suppressed by the 
use of a bias voltage which permits 
a small collector current flow at zero 
signal level. Any residual distortion 
can be further reduced by the use of 
negative feedback. 
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Figure 57. 


zi 


if 
fe 


37 


OUTPUT 
COLLECTOR 
CURRENT 


CROSS— OVER 
DISTORTION 


INPUT 
BASE 
SIGNAL 


Figure 56. Waveforms showing cause of 
cross-over distortion. 


A typical class B push-pull audio 
amplifier is shown in Fig. 57. Re- 
sistors Rn: and Rm are the emitter 
stabilizing resistors. Resistors R; 
and R, form a voltage-divider net- 
work which provides the bias for the 
transistors. The base-emitter circuit 
is biased near collector cutoff so that 
very little collector power is dissi- 
pated under no-signal conditions. 
The characteristics of the bias net- 
work must be very. carefully chosen 
so that the bias voltage will be just 
sufficient to minimize cross-over dis- 
tortion at low signal levels. Because 


Class B push-pull audio-amplifier circuit. 
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the collector current, collector dissi- 
pation, and de operating point of a 
transistor vary with ambient tem- 
perature, a temperature-sensitive re- 
sistor (such as a thermistor) or a 
bias-compensating diode may be 
used in the biasing network to mini- 
mize the effect of temperature 
variations. 

The advantages of class B opera- 
tion can be obtained without the need 
for an output transformer by use 
of a single-ended class B circuit such 
as that shown in Fig. 58. In this cir- 
cuit, the secondary windings of the 
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The secondary windings of any 
class B driver transformer should be 
bifilar-wound (i.e., wound together) 
to obtain tighter coupling and 
thereby minimize leakage induct- 
ance, Otherwise, “ringing” may oc- 
cur in the cross-over region as a 
result of the energy stored in the 
leakage inductance. 

Because junction transistors can 
be made in both p-n-p and n-p-n 
types, they can be used in comple- 
mentary-symmetry circuits to obtain 
all the advantages of conventional 
push-pull amplifiers plus direct cou- 


Figure 58. 


driver transformer T; are phased so 
that a negative signal from base to 
emitter of one transistor is accom- 
panied by a positive signal from 
base to emitter of the other tran- 
sistor. When a negative signal is ap- 
plied to the base of transistor Qu, 
for example, Q: draws current. This 
current must flow through the 
load because the accompanying posi- 
tive signal on the base of tran- 
sistor Q. cuts Q. off. When the sig- 
nal polarity reverses, transistor Q, 
is cut off, while Q. conducts current. 
The resistive dividers RiR. and R,R;, 
provide a dec bias which keeps the 
transistors slightly above cutoff un- 
der no-signal conditions and thus 
minimizes cross-over distortion. The 
emitter resistors Rz: and Rm help to 
compensate for differences between 
transistors and for the effects of 
ambient-temperature variations. 


Single-ended class B circuit. 


pling. The arrows in Fig. 59 indicate 
the direction of electron current flow 
in the terminal leads of p-n-p and 
n-p-n transistors. When these two 


p-N-pP 2 —N-P=N atte 
Ip —> Ip<— 
rs re 
Figure 59. Electron-current flow in p-n-p 


and n-p-n transistors. 


transistors are connected in a single 
stage, as shown in Fig. 60, the dc 
electron current path in the output 
circuit is completed through the col- 
lector-emitter circuits of the tran- 
sistors. In the circuits of Figs. 58 
and 60, essentially no de current 
flows through the load resistor Rx. 


Transistor Applications 


Therefore, the voice coil of a loud- 
speaker can be connected directly in 
place of Rx without excessive speaker 
cone distortion. 


Basic complementary-symmetry 
circuit. 


Figure 60. 


Several high-fidelity amplifiers are 
shown in the Circuits section. The 
performance capabilities of such am- 
plifiers are usually given in terms 
of frequency response, total harmonic 
distortion, maximum power output, 
and noise level. To provide high- 
fidelity reproduction of audio pro- 
gram material, an amplifier should 
have a frequency response which does 
not vary more than 1 dB over the en- 
tire audio spectrum. General practice 
is to design the amplifier so that its 
frequency response is flat within 1 
dB from a frequency well below the 
lowest to be reproduced to one well 
above the upper limit of the audible 


region. 
Harmonic distortion and _inter- 
modulation distortion produce 


changes in program material which 
may have adverse effects on the qual- 
ity of the reproduced sound. Har- 
monic distortion causes a change in 
the character of an individual tone 
by the introduction of harmonics 
which were not originally present in 
the program material. For high- 
fidelity reproduction, total harmonic 
distortion (expressed as a percent- 
age of the output power) should not 
be greater than about 0.5 per cent at 
the desired listening level. 
Intermodulation distortion is a 
change in the waveform of an indi- 
vidual tone as a result of interaction 
with another tone present at the 
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same time in the program material. 
This type of distortion not only alters 
the character of the modulated tone, 
but may also result in the generation 
of spurious signals at frequencies 
equal to the sum and difference of the 
interacting frequencies. Intermodu- 
lation distortion should be less than 
2 per cent at the desired listening 
level. In general, any amplifier which 
has low intermodulation distortion 
will have very low harmonic distor- 
tion. 

The maximum power output which 
a high-fidelity amplifier should de- 
liver depends upon a complex rela- 
tion of several factors, including the 
size and acoustical characteristics of 
the listening area, the desired listen- 
ing level, and the efficiency of the 
loudspeaker system. Practically, 
however, it is possible to determine 
amplifier requirements in terms of 
room size and loudspeaker efficiency. 

The acoustic power required to re- 
produce the loudest passages of or- 
chestral music at concert-hall level 
in the average-size living room is 
about 0.4 watt. Because high-fidelity 
loudspeakers of the type generally 
available for home use have an effi- 
ciency of only about 5 per cent, the 
output stage of the amplifier should 
therefore be able to deliver a power 
output of at least 8 watts. Because 
many wide-range loudspeaker sys- 
tems, particularly those using cross- 
over networks, have efficiencies of 
less than 5 per cent, output stages 
used with such systems must have 
correspondingly larger power out- 
puts. 

The noise level of a high-fidelity 
amplifier determines the range of 
volume the amplifier is able to repro- 
duce, i.e., the difference (usually ex- 
pressed in dB) between the loudest 
and softest sounds in program ma- 
terial. Because the greatest volume 
range utilized in electrical program 
material at the present time is about 
60 dB, the noise level of a high- 
fidelity amplifier should be at least 
60 dB below the signal level at the 
desired listening level. 

The design of audio equipment for 
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direct operation from the ac power 
line normally requires the use of 
either a power transformer or a large 
voltage-dropping resistor to reduce 
the 120-volt ac line voltage to a level 
that is appropriate for transistors. 
Both of these techniques have disad- 
vantages. The use of a transformer 
adds cost to the system. The use of 
a dropping resistor places restric- 
tions on the final packaging of the 
instrument because the resistor must 
dissipate power. In addition, low- 
voltage supplies are usually more ex- 
pensive to filter than high-voltage 
supplies. 

The use of high-voltage silicon 
transistors eliminates the need for 
either a power transformer or a high- 
power voltage-dropping resistor, and 
permits the use of economical cir- 
cuits and components in line-operated 
audio equipment. Several ac/dc cir- 
cuits using these high-voltage tran- 
sistors are shown in the Circuits 
section. The basic class A audio out- 
put stage shown in Fig. 61 is essen- 
tially of the same design as the class 
A amplifier discussed previously. Be- 
cause the supply voltage is much 
higher, however, the currents are 
about one-tenth as high and the im- 
pedances about 100 times as high. 

The use of a voltage-dependent 
resistor (VDR) as a damping resis- 
tor across the primary winding of the 
output transformer in Fig. 61 pro- 
tects the output circuit against the 
destructive effects of transient volt- 
ages that can occur under abnormal 
conditions. If the VDR were not used, 
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the peak collector voltage under 
transient conditions could be as high 
as five to ten times the supply volt- 
age, or far in excess of the break- 
down-voltage rating for the transis- 
tor. Because the resistance of the 
VDR varies directly with voltage, its 
use limits the transient voltage to 
safe levels but does not degrade over- 
all circuit performance. 

Fig. 62 shows another effective 
method for protection against tran- 
sient voltages. In this arrangement, 
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Figure 62. Alternate method for protection 
against transient voltages. 


the output transformer is replaced by 
a center-tapped transformer and a 
silicon rectifier that has a peak- 
reverse-voltage rating of 300 to 400 
volts. The peak voltage across the 
output is thus limited to a value 
which does not exceed twice the mag- 
nitude of the supply voltage. As the 
collector voltage approaches a value 
equal to twice the supply voltage, the 
voltage at the diode end of the trans- 
former becomes sufficiently negative 
to forward-bias the diode and thus 


Figure 61. 


Basic audio output stage for line-operated 


equipment. 


Transistor Applications 


clamp the collector voltage. The re- 


quired transformer primary imped- 
ance is generally about 10,000 ohms 
center-tapped; in addition, it is 
recommended that a bifilar winding 
be used to minimize leakage in- 
ductance. Because the arrangement 
shown in Fig. 62 provides more re- 
liable protection against transients 
than that of Fig. 61, a higher supply 
voltage and a higher transformer im- 
pedance can be used. 

It should be noted that special pre- 
cautions are required in the con- 
struction of circuits for line-voltage 
operation. Because these circuits 
operate at high ac and dc voltages, 
special care must be exercised to as- 
sure that no metallic part of the chas- 
sis or output transformer is exposed 
to touch, accidental or otherwise. 
The circuits should be installed in 
non-metallic cabinets, or should be 
properly insulated from metallic 
cabinets. Insulated knobs should be 
used for potentiometer shafts and 
switches. 

A phase inverter is a type of class 
A amplifier used when two out-of- 
phase outputs are required. In the 
split-load phase-inverter stage shown 
in Fig. 63, the output current of 
transistor Q, flows through both the 
collector load resistor R, and the 
emitter load resistor R;. When 
input signal is negative, the in- 
creased output current causes 
collector side of resistor R: to 
come more positive and the emitter 
side of resistor R; to become more 
negative with respect to ground. 


Figure 63. Split-load phase inverter stage. 


41 


When the input signal is positive, 
the output current decreases and op- 
posite voltage polarities are estab- 
lished across resistors R; and R.. 
Thus, two output signals are pro- 
duced which are 180 degrees out of 
phase with each other. This circuit 
provides the 180-degree phase rela- 
tionship only when each load is re- 
sistive and constant throughout the 
entire signal swing. It is not suitable 
as a driver stage for a class B out- 
put stage. 


Direct-Current Amplifiers 


Direct-current amplifiers are nor- 
mally used in transistor circuits to 
amplify small de or very-low-fre- 
quency ac signals. Typical applica- 
tions of such amplifiers include the 
output stages of series-type and 
shunt-type regulating circuits. 
chopper-type circuits, differential 
amplifiers, and pulse amplifiers. 

In series regulator circuits such as 
that shown in Fig. 64, direct-coupled 
amplifiers are used to amplify an 


Figure 64. Typical series regulator circuit. 


error or difference signal obtained 
from a comparison between a por- 
tion of the output voltage and a 
reference source. The reference- 
voltage source Vr is placed in the 
emitter circuit of the amplifier tran- 
sistor Q; so that the error or differ- 
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ence signal between Vr and some 
portion of the output voltage Vo is 
developed and amplified. The ampli- 
fied error signal forms the input to 
the regulating element consisting of 
transistors Q: and Q;, and the out- 
put from the regulating element de- 
velops a controlling voltage across 
the resistor R. 

Shunt regulator circuits are not as 
efficient as series regulator circuits 
for most applications, but they have 
the advantage of greater simplicity. 
In the shunt voltage regulator cir- 
cuit shown in Fig. 65, the current 
through the shunt element consisting 
of transistors Q: and Q, varies with 
changes in the load current or the 
input voltage. This current variation 
is reflected across the resistance R, 
‘In series with the load so that the 
output voltage Vo is maintained 
nearly constant. 


Ri 


Figure 65. Typical shunt regulator circuit. 


Direct-coupled amplifiers are also 
used in chopper-type circuits to am- 
plify low-level de signals, as illu- 
strated by the block diagram in Fig. 
66. The de signal modulates an ac 
carrier wave, usually a square wave, 
and the modulated wave is then am- 
plified to a convenient level. The 
series of amplified pulses can then 
be detected and integrated into the 
desired de output signal. 


CHOPPER 
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Differential amplifiers can be used 
to provide voltage regulation, as 
described above, or to compensate 
for fluctuations in current due to 
signal, component, or temperature 
variations. Typical differential am- 
plifier elements such as those shown 
in Fig. 67 include an output stage 
which supplies current to the load 
resistor R, and the necessary num- 
ber of direct-coupled cascaded stages 


Figure 67. Typical differential amplifier 


circuits. 
to provide the required amount of 
gain for a given condition of line- 
voltage or load-current regulation. 
The reference-voltage source Vr is 


INTEGRATOR ; a 
0 


Figure 66. Block diagram showing action of ‘‘chopper’”’ circuit. 
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placed in one of the cascaded stages 


in such a manner that an error or 
difference signal between Vr and 
some portion of the output voltage 
Vo is developed and amplified. Some 
form of temperature compensation 
is usually included to insure stabil- 
ity of the direct-coupled amplifier. 


Tuned Amplifiers 


In transistor radio-frequency (rf) 
and intermediate-frequency (if) am- 
plifiers, the bandwidth of frequencies 
to be amplified is usually only a 
small percentage of the center fre- 
quency. Tuned amplifiers are used 
in these applications to select the 
desired bandwidth of frequencies and 
to suppress unwanted frequencies. 
The selectivity of the amplifier is 
obtained by means of tuned inter- 
stage coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel 
resonant circuit (sometimes called a 
“tank” because it stores energy) is 
shown in Fig. 68. For practical pur- 
poses, the resonant frequency of such 
a circuit may be considered inde- 
pendent of the resistance R, provided 
R is small compared to the inductive 
reactance Xz. The resonant fre- 
quency f; is then given by 


1 


i Bei 


For any given resonant frequency, 
the product of L and C is a constant; 
at low frequencies LC is large; at 
high frequencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
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Figure 68. Simple parallel resonant circuit. 


the current in the tank (I or Ic) to 
the current in the line (I). This un- 
loaded Q, or Q., may be expressed 
in various ways, for example: 


where Xx is the inductive reactance 
(= 2rfL), X. is the capacitive re- 
actance ( = 1/[2z7fC]), and R, is the 
total impedance of the parallel reso- 
nant circuit (tank) at resonance. The 
Q varies inversely with the resistance 
of the inductor. The lower the re- 
sistance, the higher the Q and the 
greater the difference between the 
tank impedance at frequencies off 
resonance compared to the tank im- 
pedance at the resonant frequency. 
The Q of a tuned interstage cou- 
pling network also depends upon the 
impedances of the preceding and fol- 
lowing stages. The output impedance 
of a transistor can be considered as 
consisting of a resistance R. in par- 
allel with a capacitance C., as shown 
in Fig. 69. Similarly, the input im- 
pedance can be considered as consist- 
ing of a resistance R; in parallel 
with a capacitance C;. Because the 


INPUT OF 


OUTPUT OF 
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TRANSISTOR NETWORK TRANSISTOR 


Figure 69. 


Equivalent output and input circuits of transistors 


connected by a coupling network. 


a4 


tuned circuit is shunted by both the 
output impedance of the preceding 
transistor and the input impedance 
of the following transistor, the ef- 
fective selectivity of the circuit is 
the loaded Q (or Qt) based upon 
the total impedance of the coupled 
network, as follows: 


f total loading on | 
lcoil at resonance { 


Chart Xi or Xe 

The capacitances C. and Ci in Fig. 
69 are usually considered as part of 
the coupling network. For example, 
if the required capacitance between 
terminals 1 and 2 of the coupling 
network is calculated to be 500 pico- 
farads and the value of C. is 10 
picofarads, a capacitor of 490 pico- 
farads is used between terminals 1 
and 2 so that the total capacitance is 
500 picofarads. The same method is 
used to allow for the capacitance Ci 
at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a trans- 
former is coupled to the nonresonant 
secondary winding of the trans- 
former, as shown in Fig. 70a, the ef- 
fect of the input impedance of the 
following stage on the Q of the tuned 
circuit can be determined by con- 
sidering the values reflected (or re- 
ferred) to the primary circuit by 
transformer action. The reflected re- 
sistance r:; is equal to the resistance 
Ri in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 


= R: (N:/N2)? 


where N;/N: represents the electrical 
turns ratio between the primary 
winding and the secondary. winding 
of T. If there is capacitance in the 
secondary circuit (C3), it is reflected 
to the primary circuit as a capaci- 
tance Csp, and is given by 


Csp = Cp + (Ni/N2)? 
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The loaded Q, or Qz, is then calcu- 
lated on the basis of the inductance 
Lp, the total shunt resistance (Ro 
pedance Z = Q.X. = Q.Xxi), and 
plus ri plus the tuned-circuit im- 
the total capacitance (Cp, + Csp) in 
the tuned circuit. 


Fig. 70b shows a coupling network 
which consists of a single-tuned cir- 
cuit using mutual inductive coupling. 
The capacitance C; includes the ef- 
fects of both the output capacitance 
of the preceding transistor and the 
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Figure 70. Equivalent circuits for trans- 
former-coupling networks: (a) having tuned 
primary winding; (b) using inductive 
coupling; (c) using tap on primary winding. 


input capacitance of the following 
transistor (referred to the primary 
of transformer T,). The bandwidth 
of a single-tuned transformer is de- 
termined by the half-power points on 
the resonance curve (—3 dB or 0.707 
down from the maximum). Under 
these conditions, the band pass Af 
is equal to the ratio of the center or 
resonant frequency f, divided by the 
loaded (effective) Q of the circuit, as 
follows: 


Af — f:/Qn 


The inherent internal feedback in 
transistors can cause instability and 
oscillation as the gain of an amplifier 
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stage is increased (i.e., as the load 


and source impedances are increased 
from zero to matched conditions). 
At low radio frequencies, therefore, 
where the potential gain of transis- 
tors is high, it is often desirable to 
keep the transistor load impedance 
low. Relatively high capacitance 
values in the tuned collector circuit 
can then be avoided by use of a tap 
on the primary ‘winding of the 
coupling transformer, as shown in 
Fig. 70c. At higher frequencies, the 
gain potential of the transistor de- 
creases, and impedance matching is 
permissible. However, lead induct- 
ance becomes significant at higher 
frequencies, particularly in the emit- 
ter circuit. All lead lengths should be 
kept short, therefore, and especially 
the emitter lead, which not only de- 
grades performance but is also a 
mutual coupling to the output circuit. 


External feedback circuits are 
often used in tuned coupling net- 
works to counteract the effects of 
the internal transistor feedback and 
thus provide more gain or more 
stable performance. If the external 
feedback circuit cancels the effects 
of both the resistive and the reac- 
tive internal feedback, the amplifier 
is considered to be unilateralized. If 
the external circuit cancels the effect 
of only the reactive internal feed- 
back, the amplifier is considered to 
be neutralized. 


In the design of low-level tuned 
rf amplifiers, careful consideration 
must be given to the transistor and 
circuit parameters which control cir- 
cuit stability, as well as those which 
maintain adequate power gain. In 
addition, if the signals to be ampli- 
fied are relatively weak, it is im- 
portant that the transistor and its 
associated circuit provide low noise 
figure at the operating frequency. 

The relative power-gain capabili- 
ties of transistors at high frequencies 
are indicated by their theoretical 
maximum frequency of oscillation 
fmax. At this frequency, the unilateral- 
ized matched power gain, or maxi- 
mum available gain MAG, is zero dB. 
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As shown in Fig. 71, the curve of 
MAG as a function of frequency for 
a typical rf transistor rises approxi- 
mately 6 dB per octave above fmax. 

Because most practical rf ampli- 
fiers are not individually unilateral- 
ized, the power gain that can be 
obtained is somewhat less than the 
MAG because of internal feedback in 
the circuit. This feedback is greater 
in unneutralized circuits than in neu- 
tralized circuits, and therefore gain 
is lower when neutralization is not 
used. From a practical considera- 
tion, the feedback capacitance which 
must be considered is the total feed- 
back capacitance between collector 
and base, including both stray and 
socket capacitances. In neutralized 
circuits, stray capacitances, socket 
capacitance, and the typical value of 
device capacitance can generally be 
neutralized. At a given frequency, 
therefore, the maximum __ usable 
power gain MUG of a neutralized cir- 
cuit depends on the transconductance 
2m and the amount of internal feed- 


SLOPE = 6dB/OCTAVE 
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Figure 71. Maximum available gain MAG, 
maximum usable gain MUG, and noise 
figure NF as functions of frequency. 
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back capacitance C:. In unneutralized 
circuits, however, both socket and 
stray capacitances are involved in 
the determination of gain and must 
be included in the value of Cs. The 
ratio of gm to Ce should be high to 
provide high power gain. Fig. 71 
shows typical curves of MAG and 
MUG (for both the neutralized and 
the unneutralized case) for a low- 
level rf transistor used in a common- 
emitter circuit. 


The transistor requirements for 
high power gain and low noise figure 
are essentially the same. Published 
data for transistors intended for low- 
level rf applications generally indi- 
cate a minimum power gain and a 
maximum noise figure in a circuit 
typical of the intended use. A curve 
of noise figure NF as a function of 
frequency is also shown in Fig. 71. 
Circuit design factors for lowest 
noise figure include use of a low- 
noise transistor, choice of optimum 
bias current and source resistance, 
and use of low-loss input circuits. 
Optimum low-noise bias current for 
most low-level rf transistors is 
about 1 milliampere, or slightly 
higher in the uhf range. Optimum 
source resistance is a function of 
operating frequency and bias current 
for a given transistor. 
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The input circuit to the first stage 
of the amplifier should have as little 
loss as possible because such loss 
adds directly to the otherwise attain- 
able noise figure. In other words, if 
the loss at the input to the first stage 
is 2 dB, the amplifier noise figure will 
be 2 dB higher than could be achieved 
with no loss at the input. To mini- 
mize such loss, it is generally desir- 
able that the ratio of unloaded Q 
(Q.) to loaded Q (Qz) of the input 
circuit be high and that the bias re- 
sistors be isolated from the input by 
chokes or tuned circuits. 

A typical tuned amplifier using 
neutralization is shown in Fig. 72. 
The input signal to the transistor 
is an if carrier (e.g., 455 kilocycles) 
amplitude-modulated by an audio 
signal. Capacitor C, and the primary 
winding of transformer T; form a 
parallel-tuned circuit resonant at 
455 kilocycles. Transformer T;, 
couples the signal power from the 
previous stage to the base of the 
transistor. Resistors R: and Rs pro- 
vide forward bias to the transistor. 
Capacitor Cs provides a low-imped- 
ance path for the 455-kilocycle signal 
from the input tuned circuit to the 
emitter. Resistor Re, which is by- 
passed for 455 kilocycles by capacitor 
C,, is the emitter de stabilizing resis- 


Figure 72. WNeutralized if-amplifier and second-detector circuit. 
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tor. The amplified signal from the 


transistor is developed across the 
parallel resonant circuit (tuned to 
455 kilocycles) formed by capacitor 
C. and the primary winding of trans- 
former T2, and is coupled by T:, to 
the crystal-diode second detector CR. 
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secondary winding. It is extremely 
difficult in practice to construct a 
fractional part of a turn. In such 
cases, capacitance coupling may be 
used, as shown in Fig. 73. This ar- 
rangement, which is also called 
capacitive division, is similar to 


INPUT OF 
FOLLOWING 
TRANSISTOR 


Figure 73. Single-tuned coupling network using capacitive division. 


Because of the phase reversal in- 
herent in the common-emitter con- 
figuration, reactive feedback in the 
transistor due to the internal capaci- 
tance between the collector and the 
base is 180 degrees out of phase with 
the input. In the external feedback 
loop, therefore, current at the inter- 
mediate frequency is taken from the 
secondary winding of the single- 
tuned output transformer and ap- 
plied to the base of the transistor 
through the feedback (neutralizing) 
capacitor C;. Because this current is 
180 degrees out of phase with the col- 
lector current, it cancels the reactive 
feedback in the transistor and thus 
improves the gain of the circuit. 

The rectified output of the crystal 
diode CR: is filtered by capacitor C, 
and resistor R: so that the voltage 
across capacitor C, consists of an 
audio signal and a dc voltage (posi- 
tive with respect to ground for the 
arrangement shown in Fig. 72) that 
is directly proportional to the am- 
plitude of the if carrier. This dc 
voltage is fed back to the base of 
the transistor through the resistor 
R, to provide automatic gain control. 
Resistor R, and capacitor C. form 
an audio decoupling network to pre- 
vent audio feedback to the base of 
the transistor. 

In high-frequency tuned ampli- 
fiers, where the input impedance is 
typically low, mutual inductive coup- 
ling may be impracticable because 
of the small number of turns in the 


tapping down on a coil at or near 
resonance. Impedance transformation 
in this network is determined by the 
ratio between capacitors C: and C2. 
Capacitor C; is normally much 
smaller than C2; thus the capacitive 
reactance Xc: is normally much larger 
than Xc2. Provided the input resist- 
ance of the following transistor is 
much greater than Xu, the effective 
turns ratio from the top of the coil 
to the input of the following tran- 
sistor is (C; + C.)/C:. The total ca- 
pacitance C; across the inductance L 
is given by . 


C,c 
Cu ive 
Pea Oe 


The resonant frequency f, is then 
given by 


pe sepnhe rs 

* Qa LiCe 
Double-tuned interstage coupling 
networks are often used in prefer- 
ence to single-tuned networks to 
provide flatter frequency response 
within the pass band, a sharper drop 
in response immediately adjacent to 
the ends of the pass band, or more 
attenuation at frequencies far re- 
moved from resonance. In_ syn- 
chronous’ double-tuned networks, 
both the resonant circuit in the in- 
put of the coupling network and the 
resonant circuit in the output are 
tuned to the same resonant fre- 
quency. In “stagger-tuned” net- 
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works, the two resonant circuits are 
tuned to slightly different resonant 
frequencies to provide a more rec- 
tangular band pass with sharper se- 
lectivity at the ends of the pass band. 
Double-tuned or stagger-tuned net- 
works may use capacitive, inductive, 
or mutual inductance coupling, or any 
combination of the three. 

Automatic gain control (age) is 
often used in rf and if amplifiers in 
AM radio and television receivers to 
provide lower gain for strong signals 
and higher gain for weak signals. 
(In radio receivers, this gain-com- 
pensation network may also be called 
automatic volume control or ave.) 
When the signal strength at the an- 
tenna changes, the age circuit modi- 
fies the receiver gain so that the out- 
put of the last if-amplifier stage 
remains nearly constant and conse- 
quently maintains a nearly constant 
speaker volume or picture contrast. 

The age circuit usually reduces the 
rf and if gain for a strong signal by 
varying the bias on the rf-amplifier 
and if-amplifier stages when the sig- 
nal increases. A simple reverse age 
circuit is shown in Fig. 74. On each 
positive half-cycle of the signal volt- 
age, when the diode anode is positive 
with respect to the cathode, the diode 
passes current. Because of the flow 
of diode current through Ru, there is 
a voltage drop across Ri which makes 
the upper end of the resistor nega- 
tive with respect to ground. This 
voltage drop across Ri: is applied, 
through the filter Re and C, as reverse 
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bias on the preceding stages. When 
the signal strength at the antenna in- 
creases, therefore, the signal applied 
to the age diode increases, the volt- 
age drop across R: increases, the re- 
verse bias applied to the rf and if 
stages increases, and the gain of the 
rf and if stages is decreased. As a 
result, the increase in signal strength 
at the antenna does not produce as 
much increase in the output of the 
last if-amplifier stage as it would 
without age. 

When the signal strength at the 
antenna decreases from a previous 
steady value, the age circuit acts in 
the opposite direction, applying less 
reverse bias and thus permitting the 
rf and if gain to increase. 

The filter C and Rz prevents the 
age voltage from varying at audio 
frequency. This filter is necessary be- 
cause the voltage drop across Ri 
varies with the modulation of the car- 
rier being received. If age voltage 
were taken directly from Ri without 
filtering, the audio variations in age 
voltage would vary the receiver gain - 
so as to smooth out the modulation 
of the carrier. To avoid this effect, 
the age voltage is taken from the 
capacitor C. Because of the resistance 
Re in series with C, the capacitor can 
charge and discharge at only a com- 
paratively slow rate. The age voltage 
therefore cannot vary at frequencies 
as high as the audio range, but can 
vary rapidly at frequencies high 
enough to compensate for most 
changes in signal strength. 


Figure 74. Simple reverse agc circuit. 
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In a television receiver, the video 
signal contains a de component, and 
therefore the average carrier level 
varies with signal information. As a 
result, the age circuit is designed to 
provide a control voltage propor- 
tional to the peak modulated carrier 
level rather than the average modu- 
lated carrier level. The time constant 
of the age detector circuit is made 
large enough so that the picture con- 
tent of the composite video signal 
does not influence the magnitude of 
the age voltage. In addition, an elec- 
tronic switch is often included in the 
circuit so that it can be operated only 
during the retrace portion of the 
scanning cycle. This “gated age” 
technique prevents noise peaks from 
affecting age operation. 

There are two ways in which auto- 
matic gain control can be applied 
to a transistor. In the reverse age 
method shown in Fig. 74, age action 
is obtained by decreasing the collec- 
tor or emitter current of the tran- 
sistor, and thus its transconductance 
and gain. The use of forward age 
provides improved cross-modulation 
characteristics and better signal- 
handling capability than reverse agc. 
For forward age operation, however, 
the transistor used must be specially 
designed so that transconductance 
decreases with increasing emitter 
current. In such transistors, the 
current-cutoff characteristics are de- 
signed to be more remote than the 
typical sharp-cutoff characteristics of 
conventional transistors. (All tran- 
sistors can be used with reverse age, 
but only specially designed types 
with forward agc.) 

Reverse age is simpler to use, and 
provides less bandpass shift and tilt 
with signal-strength variations. The 
input and output resistances of a 
transistor increase when reverse age 
is applied, but the input and output 
capacitances are not appreciably 
changed. The change in the loading 
of tuned circuits is minimal, how- 
ever, because considerable mismatch 
already exists and the additional mis- 
match caused by age has little effect. 

In forward age, however, the input 
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and output resistances of the tran- 
sistor are reduced when the collector 
or emitter current is increased, and 
thus the tuned circuits are damped. 
In addition, the input and output 
capacitances change drastically, and 
alter the resonant frequency of the 
tuned circuits. In a practical circuit, 
the bandpass shift and tilt caused by 
forward age can be compensated to 
a large extent by the use of passive 
coupling circuits. 

Cross-modulation is an important 
consideration in the evaluation of 
transistorized tuner circuits. This 
phenomenon, which occurs in non- 
linear systems, can be defined as 
the transfer of modulation from 
an interfering carrier to the desired 
carrier. In general, the severity of 
cross-modulation is independent of 
both the semiconductor material and 
the construction of the transistor 
(provided gain and noise factor are 
not sacrificed). At low frequencies, 
cross-modulation is also independent 
of the amplitude of the desired car- 
rier, but varies as the square of the 
amplitude of the interfering signal. 

In most rf circuits, the undesir- 
able effects of cross-modulation can 
be minimized by good selectivity in 
the antenna and rf interstage coils. 
Minimum cross-modulation can best 
be achieved by use of the optimum 
circuit Q with respect to bandwidth 
and tracking considerations, which 
implies minimum loading of the tank 
circuits. 

In rf circuits where selectivity is 
limited by the low unloaded Q’s of 
the coils being used, improved cross- 
modulation can be obtained by mis- 
matching the antenna circuit (that 
is, selecting the antenna primary- 
to-secondary turns ratio such that 
the reflected antenna impedance at 
the base of the rf amplifier is very 
low compared to the input imped- 
ance). This technique is commonly 
used in automobile receivers, and 
causes a slight degradation in noise 
figure. At high frequencies, such 
as in television, where low source im- 
pedances are difficult to obtain be- 
cause of lead inductance or the 
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impracticality of putting a tap on 
a coil having one or two turns, an 
unbypassed emitter resistor having 
a low value of resistance (e.g., 22 
ohms) may be used to obtain the 
same effect. 

Cross-modulation may occur in 
the mixer or rf amplifier, or both. 
Accordingly, it is important to ana- 
lyze the entire tuner as well as the 
individual stages. Cross-modulation 
is also a function of age. At sen- 
sitivity conditions where the rf 
stage is operating at maximum gain 
and the interfering signal is far 
removed from the desired signal, 
cross-modulation occurs primarily in 
the rf stage. As the desired signal 
level increases and age is applied 
to the rf stage, the rf transistor gain 
decreases and provides improved 
cross-modulation. If the interfering 
signal is close to the desired signal, it 
is the rf gain at the undesired signal 
frequency which determines whether 
the rf stage or mixer stage is the 
prime contribution of cross-modula- 
tion. For example, it is possible that 
the rf stage gain (including selec- 
tivity of tuned circuits) at the un- 
desired frequency is greater than 
unity. In this case, the undesired 
signal at the mixer input is larger 
than that at the rf input; thus the 
contribution of the mixer is appre- 
ciable. Intermediate. and high signal 
conditions may be analyzed similarly 
by considering rf age. 

If adequate limiting is employed, 
cross-modulation does not occur in 
an FM signal. 


Limiters 


A limiter circuit is essentially an 
if-amplifier stage designed to pro- 
vide clipping at a desired signal level. 
Such circuits are used in FM receiv- 
ers to remove AM components from 
the if signal prior to FM detection. 
The limiter stage is normally the last 
stage prior to detection, and is simi- 
lar to preceding if stages. At low 
input rf signal levels, it amplifies the 
if signal in the same manner as pre- 
ceding stages. As the signal level in- 
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creases, however, a point is reached 
at which the limiter stage is driven 
into saturation (i.e., the peak currents 
and voltages are limited by the sup- 
ply voltage and load impedances and 
increases in signal produce very little 
increase in collector current). At 
this point, the if signal is “clipped” 
(or flattened) and further increases 
in rf signal level produce no further 
output in if signal to the detector. 

Limiter stages may be designed to 
provide clipping at various input- 
signal levels. A high-gain FM tuner 
is usually designed to limit at very 
low rf input signal levels, and pos- 
sibly even on noise signals. Addi- 
tional AM rejection may be obtained 
by use of a ratio detector for the 
frequency discriminator. 


Wideband (Video) Amplifiers 


In some applications, it is neces- 
sary for a transistor circuit to am- 
plify signals ranging from very low 
frequencies (several cycles per sec- 
ond) to high frequencies (tens of 
megacycles per second) with a mini- 
mum of frequency and time-delay 
distortion. For example, very exact- 
ing requirements are demanded for 
such applications as television camera 
chains, ac voltmeters, and vertical 
amplifiers for oscilloscopes. In re- 
sponse to these demands, circuit com- 
pensation techniques have been de- 
veloped to minimize the amplitude 
and time-delay variation as _ the 
upper or lower frequency limits of 
the amplifier are approached. 

The need for such compensation is 
evident when many identical stages 
of amplification are employed. If ten 
cascaded stages are used, a variation 
of 0.3 dB per stage results in a total 
variation of 3 dB. In an uncompen- 
sated amplifier, this total variation 
occurs two octaves (a frequency ratio 
of four) prior to the half-power 
point. Because two octaves are lost 
from both the high and low frequen- 
cies, the bandwidth of ten cascaded 
uncompensated amplifier stages is 
only one-sixteenth that of a single 
amplifier stage. Fig. 75 shows the 
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Figure 75. Amplitude response characteristics of various numbers (N) of identical 
uncompensated amplifiers. 


amplitude response characteristics 
of various numbers of identical un- 
compensated amplifiers. 

In general, the output of an ampli- 
fier may be represented by a current 
generator iout and a load resistance 
Ri, as shown in Fig. 76a. Because 
the signal current is shunted by vari- 
ous capacitances at high frequencies, 
as shown in Fig. 76b, there is a loss 
in gain at these frequencies. If an 
inductor L is placed in series with 
the load resistor Rx, as shown in 


RELATIVE RESPONSE—dB 


Fig. 76c, a low-Q circuit is formed 
which somewhat suppresses the ca- 
pacitive loading. This method of gain 
compensation, called shunt peaking, 
ean be very effective for improving 
high-frequency response. Fig. 76 
shows the frequency response for the 
circuits shown in Fig. 76a, b, and c. 
If the inductor L shown in Fig. 76c 
is made self-resonant approximately 
one octave above the 3-dB frequency 
of the circuit of Fig. 76b, the ampli- 
fier response is extended by about 
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Figure 76. 


Equivalent circuits and frequency response of uncompensated and 


shunt-peaked amplifiers. 
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another 30 per cent. 

If the stray capacitance C shown 
in Fig. 76b is broken into two parts 
C’ and C” and an inductor Li is placed 
between them, a heavily damped 
form of series resonance may be em- 
ployed for further improvement. 
This form of compensation, called 
series peaking, is shown in Fig. 77a. 


(a) 


Figure 77. Circuits using (a) series peak- 
ing, and (b) both self-resonant shunt 
peaking and series peaking. 


If C’ and C” are within a factor of 
two of each other, series peaking 
produces an appreciable improvement 
in frequency response as compared 
to shunt peaking. A more complex 
form of compensation embodying 
both self-resonant shunt peaking and 
series peaking is shown in Fig. 77b. 

The effects of various high-fre- 
quency compensation systems can be 
demonstrated by consideration of an 
amplifier consisting of three identi- 
cal stages. If each of the three stages 
is down 3 dB at one megacycle per 
second, and if a total gain variation 
of plus 1-dB and minus 38 dB is al- 
lowed, the bandwidth of the ampli- 
fier is 0.5 megacycle per second 
without compensation. Shunt peak- 
ing raises the bandwidth to 1.3 mega- 
cycles per. second. Self-resonant 
shunt peaking raises it to 1.5 mega- 
cycles per second. An infinitely com- 
plicated network of shunt-peaking 
techniques could raise it to 2 mega- 
cycles per second. If the distribution 
of capacitance permits it, series 
peaking alone can provide a band- 
width of about 2 megacycles per 
second, while a combination of shunt 
and series peaking can provide a 
bandwidth of approximately 2.8 
megacycles per second. If the ca- 
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pacitance is perfectly distributed, 
and if an infinitely complex network 
of shunt and series peaking is em- 
ployed, the ultimate capability is 
about 4 megacycles per second. 

The frequency response of a wide- 
band amplifier is influenced greatly 
by variations in component values 
due to temperature effects, variation 
of transistor parameters with volt-_ 
age and current (normal large-signal 
excursions), changes of stray capaci- 
tance due to relocated lead wires, or 
other variations. A change of 20 per 
cent in any of the critical parameters 
can cause a change of 0.7 dB in gain 
per stage over the last half-octave 
of the response for the most simple 
case of shunt peaking. As the band- 
width is extended by more complex 
peaking, a circuit becomes substan- 
tially more critical. (Measurement 
probes generally alter circuit per- 
formance because of their capaci- 
tance; this effect should be considered 
during frequency-response measure- .- 
ments.) 

In the design of wideband ampli- 
fiers using many stages of amplifica- 
tion, it is necessary to consider time- 
delay variations as well as amplitude 
variation. When feedback capaci- 
tance is a major contributor to re- 
sponse limitation, the more complex 
compensating networks may produce 
severe ringing or even sustained os- 
cillation. If feedback capacitance is 
treated as input capacitance pro- 
duced by the Miller effect, the added 
input capacitance C;’ caused by the 
feedback capacitor Cr; is given by 


C:’ = Cr (1 — VG) 


where VG is the input-to-output 
voltage gain. The gain VG, however, 
has a phase angle that varies with 
frequency. The phase angle is 180 
degrees at low frequencies, but may 
lead or lag this value at high fre- 
quencies; the magnitude of VG then 
also varies. In the design of very 
wideband amplifiers (20 megacycles 
per second or more), the phase of 
the transconductance gm must be 
considered. 
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Fig. 78a shows three stages of a 


multi-stage wideband amplifier. The 
resistors R; merely provide a high- 
impedance bias path for the collec- 
tors of the transistors. The ac col- 
lector current of each transistor 
normally flows almost exclusively 
into the relatively low impedance 
offered by the base of the next stage 
through the coupling capacitor Ci. 
The resistive network R: and Rz pro- 
vides a stable dc bias for the tran- 
sistor base. 

The mid-frequency gain of each 
stage is approximately equal to 
the common-emitter current-transfer 
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ratio (beta) of the transistor if 
the component values are properly 
chosen. The high-frequency response 
is limited primarily by the transis- 
tor gain-bandwidth product fr, the 
transistor feedback capacitance, and 
sometimes the stray capacitance. The 
low-frequency response is _ limited 
primarily by the value of the 
coupling capacitor Ci. 

Fig. 78b illustrates the use of 
high-frequency shunt peaking and 
low-frequency peaking at the ex- 
pense of stage gain in the three 
stages of the wideband amplifier to — 
extend the high- and low-frequency 


Figure 78. 


(b) . 


(a) Uncompensated and (b) compensated versions of three stages of a 


multistage wideband amplifier. 
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response. The emitter resistors Re 
are made as small as possible, yet 
large enough to mask the variation 
of transconductance, and thus volt- 
age gain, as a function of signal- 
current variation. For very small 
ratios of peak ac collector current to 
de collector current, this variation is 
not substantial. The resistors Re also 
partially mask the effect of the in- 
trinsic base-lead resistance rv’. 

The base-bias resistors R: of Fig. 
78a are split into two resistors R. 
and R; in Fig. 78b, with R:z well by- 
passed. The mid-frequency gain is 
then reduced to a value approximat- 
ing Rs; divided by Re. At this point, 
however, the high-frequency response 
is increased by the same factor. 
Shunt peaking is provided by lL: and 
C. for additional high-frequency 
improvement. 

When the reactance of the bypass 
capacitor C; is large compared to Rs, 
the low-frequency gain is increased 
because the resistor no longer heavily 
shunts the transistor input. Selec- 
tion of the proper value for C; ex- 
actly offsets the loss of low-frequency 
gain caused by C:. When the re- 
actance of C; approaches R., how- 
ever, the low-frequency peaking is 
no longer effective. 


High-Frequency Power Amplifiers 


Within their frequency capabili- 
ties, power transistors can be used to 
develop the power output required for 
communications transmitters operat- 
ing in the vhf and uhf ranges. In most 
cases, power-amplifier circuits are 
designed to provide desired values of 
power output and power gain when 
operated at a specified supply volt- 
age and frequency. The dc supply 
voltage is usually fixed at 12 volts for 
ground mobile equipment and 28 volts 
for aircraft transmitting equipment. 
The operating frequency varies for 
different types of transmitters; the 
upper frequency is often limited by 
the power-frequency capability of 
commercially available transistors. 
The desired rf power output, which 
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is usually dictated by the trans- 
mitting system requirements, — de- 
termines whether a single device or 
a suitable parallel arrangement of 
devices should be used. 

The ability of a transistor to oper- 
ate satisfactorily as a vhf or uhf 
power amplifier depends on its ability 
to handle large amounts of peak cur- 
rents at high frequencies. One of the 
most important considerations in rf 
power-amplifier design is the power- 
dissipation capability of the transis- 
tor. The maximum power that can be 
dissipated before “thermal runaway” 
occurs depends on how well the heat 
generated within the transistor is re- 
moved. When heat is removed by 
conduction, the heat transfer is an 
inverse function of the thermal re- 
sistance. The maximum dc power- 
dissipation capability Pmax(dc) can 
be expressed as follows: 


Pmax(dc) —— iii 
0 

where T; and T, are the maximum 
allowable junction temperature and 
the ambient temperature, respec- 
tively, in degrees centigrade, and #6 
is the total thermal resistance of the 
transistor and the heat sink. For 
most silicon power transistors, T; is 
200°C. 

The maximum dc voltage which can 
safely be applied to the collector 
junction is limited by the voltage 
breakdown ratings for the particular 
transistor used. The Vcr rating de- 
fines the maximum value that can be 
applied under forward-biased condi- 
tions. If the transistor is required 
to be forward-biased, as in the case 
of a class A power stage, the maxi- 
mum dc voltage should be no more 
than one-half this rating. The Veony 
rating defines the maximum value 
that can be applied under reverse- 
biased conditions. For class C oper- 
ation of the transistor, the supply 
voltage must be limited to one-half 
this value for safe operation. The 
maximum dc or peak collector current 
rating for a transistor is usually es- 
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tablished at some practical value of 
current gain. 

In a high-frequency power ampli- 
fier, it is usually desirable to obtain 
as much power output as possible 
with good efficiency and a. minimum 
amount of harmonic distortion. Both 
common-emitter and common-base 
circuits are used in rf power ampli- 
fiers. The choice of circuit configu- 
ration is influenced primarily by 
operating frequency, power gain, 
bandwidth, and rf stability require- 
ments. At extremely high frequen- 
cies, the power-gain capability of the 
common-emitter circuit is restricted 
somewhat by the emitter-lead induct- 
ance. Provided some _ sacrifice in 
power gain is acceptable, however, 
this circuit is generally used because 
it has better rf stability and can more 
easily be designed with controlled 
bandwidths. Because the power gain 
of the common-base circuit is not 
limited by the degenerative effects of 
the emitter-lead inductance, the ap- 
parent power gain of this configura- 
tion is somewhat greater at very 
high frequencies than that of the 
common-emitter circuit. However, 
the common-base circuit is only con- 
ditionally stable at high frequencies 
and controlled bandwidths may be 
more difficult to obtain. 

Because rf transistor amplifiers 
are designed to handle a selected fre- 
quency or band of frequencies, tuned 
circuits are usually employed for the 
input and output coupling networks. 
The collector current in an rf power- 
amplifier stage contains an appre- 
ciable amount of harmonics as a 
result of the large dynamic swing of 
voltages and currents. The tuned 
coupling networks are designed to 
isolate the unwanted harmonic cur- 
rents and permit only the fundamen- 
tal component of current to flow in 
the load circuit. A high ratio of un- 
loaded Q (Q.) to loaded Q (Qi) must 
be maintained to obtain good tuned- 
circuit efficiency. 

- Transistor rf power amplifiers can 
be operated in class A, B, or C service. 
The choice of the mode of operation 
depends upon several factors, includ- 
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ing the amount of power output, 
power gain, and power efficiency de- 
sired. Class A power amplifiers are 
normally used when extremely good 
linearity is required. Class A ampli- 
fiers provide more power gain than 
either class B or class C amplifiers, 
but their maximum theoretical col- 
lector efficiency is limited to 50 per 
cent. Because the zero-signal collec- 
tor power dissipation is high in class 
A operation, the bias network must 
be selected to provide good thermal 
stability. 

The input coupling network of a 
class A power amplifier must be de- 
signed to transform the input re- 
sistance to the appropriate value to 
provide the proper load on the driv- 
ing source. The reactive portion of 
the input network must resonate with 
the transistor input reactance. When 
the input circuit is driven from a 
signal generator that has a known 
internal impedance, the input cou- 
pling network is usually designed to 
provide maximum power transfer. 

Maximum power transfer occurs 
when the load resistance is matched 
to the dynamic output resistance of 
the transistor. However, matching 
for maximum power transfer may be 
impractical in a particular power- 
amplifier design because of the collec- 
tor-supply-voltage (Vcc) and power- 
output (P.) requirements. The 
collector load resistance Rx is de- 
termined by these requirements as 
follows: 


A eS Voc?/2P. 


The reactive portion of the output 
impedance is also important and must 
be considered in the design of a class 
A power amplifier. The output cou- 
pling network must be designed to. 
resonate out this reactance and pro- 
vide the required collector-circuit 
loading. 

When the circuit-design require- 
ments for a power amplifier demand 
several watts of rf power output, one 
of the cutoff modes of operation is 
used. The class B and class C modes 
are characterized by good collector- 


36 


circuit efficiency and relatively high 
power output in proportion to the 
average dissipation in the transistor. 
During periods of zero input signal, 
the power-supply drain and collec- 
tor dissipation are low. The choice 
between class B and class C opera- 
tion is usually determined by the 
power-gain or collector-efficiency re- 
quirements. Class B amplifiers gen- 
erally have higher power gain, while 
class C amplifiers have higher collec- 
tor efficiency. The following discus- 
sion of design considerations for a 
class C rf power amplifier is also ap- 
plicable in most respects to class B 
circuits. 


As in the case of a class A power 
amplifier, the collector load resistor 
for a class C circuit is determined by 
the supply-voltage and power-output 
requirements. The output tuned cir- 
cuit must be designed to obtain the 
proper load matching and also main- 
tain good tuned-circuit efficiency. 

Because class C amplifiers are re- 
verse-biased beyond collector-current 
cutoff, the harmonic currents gener- 
ated in the collector are comparable 
in amplitude with the fundamental 
component. The tuned coupling net- 
works must provide a relatively high 
impedance to these harmonic currents 
and a low impedance to the funda- 
mental current. If the impedance of 
the tuned circuit is sufficiently high 
at the harmonic frequencies, how- 
ever, the amplitude of the harmonic 
currents is reduced and their contri- 
bution to the average current flowing 
in the collector is minimized. As a 
result, the collector power dissipa- 
tion is reduced and the collector-cir- 
cuit output efficiency is increased. 


Fig. 79 shows an output-coupling 
network in which a parallel tuned 
circuit is used for coupling the load 
to the collector circuit. The collector 
electrode of the transistor is tapped 
down on the coil L: in this network. 
The capacitor C; provides tuning for 
the fundamental frequency, and ca- 
pacitor Cz provides load matching of 
Rx to the tuned circuit. The trans- 
formed Rx across the entire tuned 
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circuit is stepped down to the collec- 
tor by proper selection of the turns 
ratio for the coil Li. If the value of 
L; is chosen properly and the portion 
of the coil inductance between the 
collector and ground is sufficiently 
high, the harmonic portion of the col- 
lector current is low in the tuned cir- 
cuit and its contribution to the dc 
component flowing in the collector 
circuit is minimized. Tapping the 
collector down on the coil maintains 


Figure 79. Output-coupling network using 


parallel tuned circuit. 


the loaded Q,x of the circuit and mini- 
mizes the variation of bandwidth of 
the output circuit with changes in 
the output capacitance of the tran- 
sistor. 

The circuit shown in Fig. 79 has 
one serious limitation at very high 
frequencies. Because of the poor co- 
efficient of coupling in coils at such 
frequencies, the tap position is usu- 
ally establshed empirically to obtain 
the proper collector loading. Fig. 80 
shows suitable output-coupling net- 
works which provide the required 
collector loading and also suppress 
the circulation of collector harmonic 
currents. These networks, which in- 
clude the collector output capacitance, 
are not dependent upon coupling co- 
efficient for load-impedance trans- 
formation. 

The input network for a class C 
rf power amplifier must provide cou- 
pling of the base-emitter circuit to 
the driving source. Because the driv- 
ing stage is usually another power 
transistor, the load required by the 
collector of the driver stage is gen- 
erally higher than the base-to-emitter 
impedance of the amplifier transis- 
tor. Therefore, the base-to-emitter 
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Figure 80. Output-coupling networks in- 
cluding collector output capacitance Co. 


impedance of the output stage must 
be transformed up to the appropriate 
value of load for the collector circuit 
of the driver stage. The input circuit 
of the transistor can be represented 
as a resistor ry’ in series with a ca- 
pacitor C;. The input network must 
tune out the capacitance C; and pro- 
vide a purely resistive load to the 
collector of the driver stage. 

Fig. 81 shows several input-cou- 
pling networks which can be used to 
couple the base to the output of the 
driver stage and to tune out the in- 
put capacitance C;. In Fig. 81a, the 
input circuit is formed by the T net- 
work consisting of C:, C2, and Ih. If 
the value of the inductance L: is 
chosen so that its reactance is much 
greater than that of C:, series tun- 
ing of the base-to-emitter circuit is 
obtained by L: and the parallel com- 
bination of Cz and (Ci + C.). Capaci- 
tors Ci and C. provide the impedance 
matching to the collector of the 
driver stage. 

Fig. 81b shows a T network with 
the location of Li: and Cz. inter- 
changed. If the value of the capaci- 
tor Cz is chosen so that its reactance 
is much greater than that of C:, then 
C. can be used to step up r,’ to an 
appropriate value across li. The re- 
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sultant parallel resistance across Ii 
is transformed to the required col- 
lector load value by capacitors C: and 
C.. Parallel resonance of the circuit 
is obtained by means of L: and the 
parallel combination of (C: + C.) 
and Co. 

The circuits shown in Figs. 8la 
and 81b require the collector of the 
driving transistor to be shunt fed by 
a high-impedance rf choke. Fig. 81c 
shows a coupling network which 
eliminates the need for a choke. In 
this circuit, the collector of the driv- 
ing transistor is parallel tuned and 
the base-to-emitter junction of the 
output transistor is series tuned. 

As mentioned previously, the base- 
to-emitter junction of a transistor is 
reverse-biased for class C operation. 


Vec 


Re 


Vcc 


(c) 


Figure 81. Input-coupling networks for 
high-frequency power amplifiers. 
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Figure 82. 


Fig. 82 shows several ways of obtain- 
ing this reverse bias. In Fig. 82a, the 
base lead is returned to ground 
through an rf choke. When the tran- 
sistor is driven, the de base current 
causes a voltage drop across the 
ohmic base lead resistance r»’ in the 
right direction to provide a slight 
reverse bias for the base-to-emitter 
junction. However, this bias is usu- 
ally small in magnitude and is diffi- 
cult to control because the value of 
Yr» varies for different transistors. 
The separate battery supply in- 
cluded in the base circuit in Fig. 82b 
is a good way of obtaining reverse 
‘bias for the transistor, but a particu- 
lar circuit design may not permit an 
additional supply to be used. In Fig. 
82c, the resistor Rs included in the 
base circuit constitutes a form of 
“self-bias’”. However, a disadvantage 
of this circuit is that too high a value 
of Rs restricts the usable collector-to- 
emitter breakdown voltage to a value 
close to the Vcxo rating. 

The arrangement shown in Fig. 
82d represents the best way of ob- 


Biasing networks for high-frequency power amplifiers. 


taining reverse bias for class C oper- 
ation. This method does not affect the 
breakdown characteristic of the tran- 
sistor, and provides both thermal 
stability and high efficiency. The ca- 
pacitor Cz must provide an effective 
bypass at the operating frequency to 
reduce the degenerative effects of 
Re. For transistors in which the 
emitter is internally connected to the 
case, such as the 40341, the case 
should be electrically isolated from 
the chassis, and the biasing resistor 
and bypass capacitor should then be 
connected from case to ground. An 
alternate method is to connect the 
negative end of the power supply to 
the chassis through a biasing resis- 
tor, bolt the transistor directly to the 
chassis, and then return the base of 
the transistor through an rf choke 
to the negative end of the supply. 
When more power is required from 
an rf-power-amplifier circuit than 
can be obtained from a single tran- 
sistor, several transistors can be ar- 
ranged in either parallel or push-pull. 
In a push-pull arrangement, trans- 
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formers must be used for proper 
input-signal phase. Because it is dif- 
ficult to build transformers which 
provide the required impedance trans- 
fer at very high frequencies, this 
type of operation can be inefficient 
for transistors. 

Power transistors have been oper- 


ated successfully in parallel arrange- . 


ments in many practical circuit 
designs at frequencies up to 500 
megacycles per second. The major 
design problem in the parallel oper- 
ation of transistors is equal load 
sharing, i.e., all transistors in the 
parallel setup should deliver equal 
power to the load. In general, load 
sharing depends on the degree of 
match of the separate units. Tran- 
sistors used in an ideal, perfectly bal- 
anced circuit should have identical 
power gain, input and output imped- 
ances, and thermal resistance. In 
practice, experiments have shown 
that a circuit can generally be con- 
sidered as balanced if the static cur- 
rents match within 10 per cent. If 
a closer degree of balance is re- 
quired, it is necessary to pre-select 
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transistors in a single-stage circuit. 

Fig. 83 shows two 2N3733 overlay 
transistors operated in a parallel ar- 
rangement. This circuit includes pro- 
visions for monitoring the collector 
currents to assure equal load shar- 
ing. The effects of the emitter-lead 
inductance are tuned out by capaci- 
tor Crs. Total direct current for each 
transistor can also be determined by 
measuring the de voltage across the 
emitter resistor Re and dividing by 
the value of the emitter resistor used. 
The emitter circuit represents the 
best place for monitoring current 
sharing in a parallel arrangement to 
establish that both input and output 
currents are equal. 

Paralleling of transistors for low- 
voltage operation is somewhat more 
complex. Because collector load im- 
pedances are very low and currents 
very high, it is mechanically difficult 
to locate the paralleled transistors in 
such a manner that the same load im- 
pedance is presented to both collec- 
tors. For example, the collector load 
impedance Rx for the 18-watt ampli- 
fier of Fig. 83 operating at 28 volts 
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Figure 83. High-frequency power amplifier using two 2N3733 overlay transistors in 
a parallel arrangement. 
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is approximately equal to Voc?/2P. = 
784/36 = 21.8 ohms. For a similar 
18-watt amplifier operated at 12 
volts, the value of Rx is equal to 
144/36, or only 4 ohms. At low volt- 
ages, therefore, it is necessary to 
step up the impedance for the indi- 
vidual collectors by means of rf 
chokes inserted in the collector leads 
before the outputs of the individual 
transistors are tied together. 

One of the most common problems 
encountered in the design of vhf 
power amplifiers is low-frequency 
parasitic oscillations. Such oscilla- 
tions are caused both by stray low- 
frequency resonances formed be- 
tween external circuits and internal 
transistor capacitances and by the 
very large power gains of which vhf 
transistors are capable at low fre- 
quencies. The following methods can 
be used to minimize these low-fre- 
quency oscillations: 


1. A low-Q ferrite choke should be 
used for the base return to 
ground; the value should be the 
smallest possible that does not 
impair the amplifier gain at 
operating frequencies. 

2. The emitter should be bypassed 
at the operating frequency with 
a capacitor of relatively low 
value to make the stage degen- 
erative at lower frequencies. 

3. Wherever possible, the output 
circuit should utilize a de feed 
coil as an integral part of the 
network. 

4. The power leads should be 
effectively bypassed with a 
feedthrough. capacitor at the 
operating frequency and a disc 
ceramic capacitor that makes 
an effective short at low fre- 
quencies. 


In many military and amateur 
radio applications, rf power transis- 
tors are often used in single-side- 
band circuits. Single-sideband (SSB) 
modulation is a special form of am- 
plitude modulation (AM) in which 
only one sideband is transmitted and 
the carrier is suppressed to the point 
of extinction. A brief review of AM 
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characteristics helps to explain the 
principles of SSB operation. 


When a carrier frequency is modu- 
lated by an audio modulating fre- 
quency, three components are pro- 
duced: the carrier, which has an am- 
plitude independent of modulation, 
and two other components which have 
equal amplitude but have frequencies 
above and below the carrier fre- 
quency by the amount of the modu- 
lating frequency. The two latter 
components, which carry identical 
intelligence, are called sideband fre- 
quencies. Their amplitude depends on 
the degree of modulation. Because 
only these sidebands transmit intelli- 
gence and each sideband is a mirror 
image of the other, the carrier and 
one sideband can be eliminated and 
only the remaining sideband used for 
transmission of intelligence. This 
technique results in single-sideband 
transmission. 


One advantage of single-sideband 
transmisison is a reduction in aver- 
age power. A comparison of total 
average power radiated by AM and 
SSB transmitters for equal signal- 
to-noise ratios shows that the carrier 
power is twice the total sideband 
power in a 100-per-cent modulated 
AM wave. If the carrier power is 
unity, the total radiated power is 1.5 
units (1°+ 0.25 + 0.25 = 1:5), An 
SSB transmitter under similar con- 
ditions has 0.5 unit of radiated power 
(peak envelope power = 2 X 0.25). 
Thus, the total average power for 
AM is three times the average power 
for SSB. If a conservative 10-to-1 
peak-to-average power ratio is as- 
sumed for a voice signal, the average 
power output is 1.05 units for AM 
and 0.05 unit for SSB. 


Another advantage of SSB is that 
it requires a narrower frequency 
spectrum, one-half that required by 
AM. The use of minimum bandwidth 
in the transmitter permits a greater 
number of channel allocations within 
a given frequency range. To ensure 
that a minimum band is occupied by 
the transmission, it is important to 
make use of low-distortion linear am- 
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plifiers. As a result, class B, AB, and 
A amplifiers are generally used in 
preference to class C amplifiers and 
frequency multipliers. 


TV SCANNING, 
SYNC, AND DEFLECTION 


For reproduction of a transmitted 
picture in a television receiver, the 
face of a cathode-ray tube is scanned 
with an electron beam while the in- 
tensity of the beam is varied to con- 
trol the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans- 
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical sig- 
nal that controls the intensity of the 
electron beam in the picture tube at 
the receiver. 


Scanning Fundamentals 


The scanning procedure used in 
the United States employs hori- 
zontal linear scanning in an odd- 
line interlaced pattern. The standard 
scanning pattern for television sys- 
tems includes a total of 525 horizon- 
tal scanning lines in a rectangular 
frame having an aspect ratio of 4 to 
3. The frames are repeated at a rate 
of 30 per second, with two fields inter- 
laced in each frame. The first field in 
each frame consists of all odd-number 
scanning lines, and the second field 
in each frame consists of all even- 
number scanning lines. The field repe- 
tition rate is thus 60 per second, and 
the vertical scanning rate is 60 cycles 
per second. 

The geometry of the standard odd- 
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line interlaced scanning pattern is 
illustrated in Fig. 84. The scanning 
beam starts at the upper left corner 
of the frame at point A, and sweeps 
across the frame with uniform ve- 
locity to cover all the picture ele- 
ments in one horizontal line. At the 
end of each trace, the beam is rapidly 
returned to the left side of the frame, 
as shown by the dashed line, to begin 
the next horizontal line. The horizon- 
tal lines slope downward in the di- 
rection of scanning because the 
vertical deflecting signal simultane- 
ously produces a vertical scanning 
motion, which is very slow compared 
with the horizontal scanning speed. 
The slope of the horizontal line trace 
from left to right is greater than the 
slope of the retrace from right to left 
because the shorter time of the re- 
trace does not allow as much time 
for vertical deflection of the beam. 
Thus, the beam is continuously and 
slowly deflected downward as it scans 
the horizontal lines, and its position 
is successively lower as the horizon- 
tal scanning proceeds. 

At the bottom of the field, the ver- 
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical “flyback” time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori- 
zontal lines are produced during the 
vertical flyback. 

All odd-number fields begin at 
point A in Fig. 84 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be- 
ginning of the even-field scanning at 
C is on the same horizontal level as 


Figure 84. The odd-line interlaced scanning procedure. 
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A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even 
fields fall exactly between the odd- 
number lines in the odd field. 


Sync 


In addition to picture information, 
the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face- 
plate of the picture tube at the right 
instant and in the right location. 
These pulses, which are called sync 
pulses, control the horizontal and 
vertical scanning generators of the 
receiver. 

Fig. 85 shows a portion of the de- 
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes 
until, at the “blanking level’ shown 
in the diagram, the amplitude repre- 
sents a complete absence of light. 
This “black level’ is held constant at 
a value equal to 75 per cent of the 
maximum amplitude of the signal 
during transmission. The remaining 
25 per cent of the signal amplitude 
is used for synchronization informa- 
tion. Portions of the signal in this 
region (above the black level) can- 
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
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receiver is maintained at the black 
level during this retrace interval by 
means of the blanking pulse shown 
in Fig. 85. Immediately after the be- 
ginning of the blanking period, the 
signal amplitude rises further above 
the black level to provide a horizon- 
tal-synchronization pulse that ini- 
tiates the action of the horizontal 
scanning generator. When the bot- 
tom line of the picture is reached, a 
similar vertical-synchronization pulse 
initiates the action of the vertical 
scanning generator to move the 
scanning spot back to the top of the 
pattern. 

The sync pulses in the composite 
video signal are separated from the 
picture information in a sync-sepa- 
rator stage, as shown in Fig. 86. This 
stage is biased sufficiently beyond 
cutoff so that current flows and an 
output signal is produced only at the 
peak positive swing of the input sig- 
nal. In the diode circuit of Fig. 86a, 
negative bias for the diode is de- 
veloped by R and C as a result of the 
flow of diode current on the positive 
extreme of signal input. The bias au- 
tomatically adjusts itself so that the 
peak positive swing of the input sig- 
nal drives the anode of the diode posi- 
tive and allows the flow of current 
only for the sync pulse. In the cir- 
cuit shown in Fig. 86b, the base- 
emitter junction of the transistor 
functions in the same manner as the 
diode in Fig. 86a, but in addition 
the pulses are amplified. 

After the synchronizing signals 
are separated from the composite. 
video signal, it is necessary to filter 
out the horizontal and vertical sync 
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signals so that each can be applied 
to its respective deflection generator. 
This filtering is accomplished by RC 
circuits designed to filter out all but 
the desired synchronizing signals. 
Although the horizontal, vertical, and 
equalizing pulses are all rectangular 
pulses of the same amplitude, they 
differ in frequency and pulse width, 
as shown in Fig. 87. The horizontal 
sync pulses have a repetition rate 
of 15,750 per second (one for each 
horizontal line) and a pulse width 
of 5.1 microseconds. The equalizing 
pulses have a width approximately 
half the horizontal pulse width, and 
a repetition rate of 31,500 per sec- 
ond; they occur at half-line inter- 
vals, with six pulses immediately 
preceding and six following the ver- 
tical synchronizing pulse. The ver- 
tical pulse is repeated at a rate of 
60 per second (one for each field), 
and has a. width of approximately 
190 microseconds. The serrations in 
the vertical pulse occur at half-line 
intervals, dividing the complete pulse 
into six individual pulses that pro- 
vide horizontal synchronization dur- 
ing the vertical retrace. (Although 
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(b) 
Figure 86. Sync-separator circuits using (a) a diode, and (b) a transistor. 


the picture is blanked out during the 
vertical retrace time, it is necessary 
to keep the horizontal scanning 
generator synchronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro- 
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a 
differentiating circuit that has a 
short time constant compared to the 
width of the horizontal pulses. When 
the total syne signal is applied to 
the differentiating circuit shown in 
Fig. 88, the capacitor charges com- 
pletely very soon after the leading 
edge of each pulse, and remains 
charged for a period of time equal 
to practically the entire pulse width. 
When the applied voltage is removed 
at the time corresponding to the 
trailing edge of each pulse, the capa- 
citor discharges completely within 
a very short time. As a result, a 
positive peak of voltage is obtained 
for each leading edge and a negative 
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Figure 87. Waveform of TV synchronizing pulses (H = horizontal line period of 
1/15,750 seconds, or 63.5 us). 
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Figure 88. Separation of the horizontal sync signals from the total sync by. a 
differentiating circuit. 


peak for the trailing edge of every 
pulse. One polarity is produced by 
the charging current for the leading 
edge of the applied pulse, and the 
opposite polarity is obtained from 
the discharge current corresponding 
to the trailing edge of. the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted 
to provide the differentiated output 
needed to synchronize the horizontal 
scanning generator during the time 
of vertical synchronization. During 
the vertical blanking period, many 
more voltage peaks are available 
than are necessary for horizontal 
synchronization (only one pulse is 
used for each horizontal line period). 
The check marks above the differen- 
tiated output in Fig. 88 indicate the 
voltage peaks used to synchronize 
the horizontal deflection generator 
for one field. Because the sync sys- 
tem is made sensitive only to positive 
pulses occurring at approximately 
the right horizontal timing, the nega- 
tive syne pulses and alternate dif- 
ferentiated positive pulses produced 
by the equalizing pulses and the ser- 
rated vertical information have no 
effect on horizontal timing. It can be 
seen that although the total sync 
signal (including vertical synchro- 
nizing information) is applied to the 


circuit of Fig. 88, only horizontal 
synchronization information appears 
at the output. 

The vertical syne signal is sepa- 
rated from the total sync in an inte- 
grating circuit which has a time 
constant that is long compared with 
the duration of the 5-microsecond 
horizontal pulses, but short compared 
with the 190-microsecond vertical 
pulse width. Fig. 89 shows the gen- 
eral circuit configuration used, to- 
gether with the input and output 
signals for both odd and even fields. 


Figure 89. 


Separation of vertical 
signals from the total sync for odd and 


sync 


even: fields with no equalizing pulses. 
(Dashed line indicates triggering level for 
vertical scanning generator.) 
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The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the 
horizontal pulse width that the capa- 
citor has time to discharge almost 
down to zero. When the vertical pulse 
is applied, however, the integrated 
voltage across the capacitor builds 
up to the value required for trigger- 
ing the vertical scanning generator. 
This integrated voltage across the 
capacitor reaches its maximum am- 
plitude at the end of the vertical 
pulse, and then declines practically 
to zero, producing a pulse of the tri- 
angular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync sig- 
nal (including horizontal informa- 
tion) is applied to the circuit of Fig. 
89, therefore, only vertical synchro- 
nization information appears at the 
output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec- 
ond. Therefore, the integrated out- 
put voltage across the capacitor of 
the RC circuit of Fig. 89 can be 
coupled to the vertical scanning 
generator to provide vertical syn- 
chronization. The six equalizing 
pulses immediately preceding and 
following the vertical pulse improve 
the accuracy of the vertical synchro- 
nization for better interlacing. The 
equalizing pulses that precede the 
vertical pulses make the average 
value of applied voltage more nearly 
the same for even and odd fields, so 
that the integrated voltage across 
the capacitor adjusts to practically 
equal values for the two fields before 
the vertical pulse begins. The equal- 
izing pulses that follow the vertical 
pulse minimize any difference in the 
trailing edge of the vertical synchro- 
nizing signal for even and odd fields. 


Horizontal Deflection 


In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly with time and has a 
sufficient peak-to-peak amplitude 


‘must be passed through the horizon- 


tal-deflection-yoke winding to develop 
a magnetic field adequate to deflect 
the electron beam of the television 
picture tube. (This type of deflection 
is different from that used in a 
cathode-ray oscilloscope, where the 
beam is deflected electrostatically.) 
After the beam is deflected com- 
pletely across the face of the picture 
tube, it must be returned very 
quickly to its starting point. (As ex- 
plained previously, the beam is ex- 
tinguished during this retrace by the 
blanking pulse incorporated in the 
composite video signal, or in some 
cases by additional external blank- 
ing derived from the horizontal-de- 
flection system.) 

The simplest form of a deflection 
circuit is shown in Fig. 90. In this 
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Figure 90. Simplest form of deflection 


circuit. 


circuit, the yoke impedance L is as- 
sumed to be a perfect inductor. When 
the switch is closed, the yoke current 
starts from zero and increases line- 
arly. At any time t, the current i is 
equal to Et/L, where E is the ap- 
plied voltage. When the switch is 
opened at a later time t:, the current 
instantly drops from a value of Et:/L 
to zero. 

Although the basic circuit of Fig. 
90 crudely approaches the require- 
ments for deflection, it presents some 
obvious problems and limitations. The 
voltage across the switch becomes 
extremely high, theoretically ap- 
proaching infinity. In addition, if 
very little of the total time is spent 
at zero current, the circuit would 
require a tremendous amount of dc 
power. Furthermore, the operation 
of the switch would be rather criti- 
cal with regard to both its opening 
and its closing. Finally, because the 
deflection field would be phased in 
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only one direction, the beam would 
have to be centered at the extreme 
left of the screen for zero yoke 
current. 

If a capacitor is placed across the 
switch, as shown in Fig. 91, the yoke 
current still increases linearly when 
the switch is closed at time t = 0. 
However, when the switch is opened 
at time t = ti, a tuned circuit is 
formed by the parallel combination 
of L and C. The resulting yoke cur- 
rents and switch voltages are then 
as shown in Fig. 91. The current is 
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Figure 91. Addition of capacitor to permit 


flyback ringing, and yoke-current (upper) 
and_ switch-voltage fawert waveforms. 


at a maximum when the voltage 
equals zero, and the voltage is at a 
maximum when the current equals 
zero. If it is assumed that there are 
no losses, the ringing frequency fos 
is equal to 1/(2r\/LC). 

- If the switch is closed again at any 
time the capacitor voltage is not equal 
to zero, an infinite switch current 
flows as a result of the capacitive dis- 
charge. However, if the switch is 
closed at the precise moment tz that 
the capacitor voltage equals zero, the 
capacitor current effortlessly trans- 
fers to the switch, and a new transient 
condition results. Fig. 92 shows 
the yoke-current and switch-voltage 
waveforms for this new condition. 
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Figure 92. Yoke-current (upper) and 
switch-voltage (lower) waveforms 
when switch is closed at te. 


If the switch is again opened at 
ts, closed at ts, and so on, the desired 
sweep results, the peak switch volt- 
age is finite, and the average supply 
current is zero. The deflection system 
is then lossless and efficient and, be- 
cause the average yoke current is 
zero, beam decentering is avoided. 
The only fault of the circuit of Fig. 
91 is the critical timing of the switch, 
particularly at time t = tz. However, 
if the switch is shunted by a damper 
diode, as shown in Fig. 93, the diode 
acts as a closed switch as soon as the 
capacitor voltage reverses slightly. 


Incorporation of damper 
diode. 


Figure 93. 


The switch may then be closed at any 
time between te and ts. 

In typical horizontal-deflection cir- 
cuits, the switch is a transistor, as 
shown in Fig. 94. Although the tran- 
sistor is forward-biased: prior to ts, 
it is not an effective switch for the 
reverse collector current; therefore, 
the damper diode carries most of this 
current. High voltage is generated 


by use of the step-up transformer 


T, in parallel with the yoke. This 
step-up transformer is designed so 
that its leakage inductance, dis- 
tributed capacitance, and output 
stray capacitance complement the 
yoke inductance and retrace tuning 
capacitance in such a manner that the 
peak voltage across the primary 
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Figure 94. Simple transistor 


winding is reduced and the peak volt- 
age across the secondary winding is 
increased, as compared to the values 
that would be obtained in a perfect 
transformer. This technique, which is 
referred to as “third-harmonic tun- 
ing”’, yields a voltage ratio of second- 
ary-to-primary peak voltage of ap- 
proximately 1.7 times the value 
expected in a perfect transformer. 

To provide linearity correction for 
wide-angle television picture tubes, 
it is necessary to retard the sweep 
rate at the beginning and end of scan. 
Therefore, a suitable capacitor Cz is 
placed in series with the yoke, as 
shown in Fig. 94, so that the direct 
current required to supply circuit 
losses is fed through the flyback- 
transformer primary. A_ parabolic 
waveform is then developed across 
C. (called the S-shaping capacitor) 
so that the trace voltage across the 
yoke is less at the ends of the sweep 
than in the middle of the sweep. (This 
capacitor actually provides a series 
resonant circuit tuned to approxi- 
mately 5 kilocycles per second so 
that an S-shaped current portion of 
a sine wave results.) It is desirable 
to place the S-shaping capacitor and 
the yoke between the collector and 
the emitter of the transistor so 
that the yoke current does not have 
to flow through the power supply. 
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horizontal-deflection circuit. 


The highest anticipated peak volt- 
age across the transistor in Fig. 94 
is a function of the de voltage ob- 
tained at high ac line voltage and at 
the lowest horizontal-oscillator fre- 
quency. (At these conditions, of 


-course, the receiver is out of sync.) 


The tolerance on the inductors and 
capacitors alters the trace time only 
slightly and usually may be ignored 
if a 10-per-cent tolerance is used for 
the tuning capacitor. 


Vertical Deflection 


The vertical-deflection circuit in a 
television receiver is essentially a 
class A audio amplifier with a com- 
plex load line, severe low-frequency 
requirements (much lower than 60 
cycles per second), and a need for 
controlled linearity. The equivalent 
low-frequency response for a 10-per- 
cent deviation from linearity is one 
cycle per second. The basic circuit 
configuration is shown in Fig. 95. 

The required performance can be 
obtained in a vertical-deflection cir- 
cuit in any of three ways. The am- 
plifier may be designed to provide a 
flat response down to one cycle per 
second. This design, however, re- 
quires an extremely large output 
transformer and immense capacitors. 
Another arrangement is to design the 
amplifier for fairly good low-fre- 
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quency response and predistort the 
generated signal. 

The third method is to provide ex- 
tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
transistor gain variations and non- 
linearities become fairly insignifi- 
cant. The feedback automatically 
provides the necessary “predistor- 
tion” to correct low-frequency limi- 


B- 
YOKE 
INPUT 
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circuit. 


tations. In addition, the coupling of 
miscellaneous signals (such as power- 
supply hum or horizontal-deflection 
signals) in the amplifying loop is 
suppressed. 


OSCILLATION 


Transistor oscillator circuits are 
similar in many respects to the am- 
plifiers discussed previously, ex- 
cept that a portion of the output 
power is returned to the input net- 
work in phase with the starting 
power (regenerative or positive feed- 
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back) to sustain oscillation. DC bias- 
voltage requirements for oscillators 
are similar to those discussed for 
amplifiers. . 

The maximum operating frequency 
of an oscillator circuit is limited by 
the frequency capability of the tran- 
sistor used. The maximum frequency 
of oscillation of a transistor is de- 
fined as the frequency at which the 
power gain is unity. Because some 
power gain is required in an oscilla- 
tor circuit to overcome losses in the 
feedback network, the operating 
frequency must be some value below 
the transistor maximum frequency 
of oscillation. 

For sustained oscillation in a tran- 
sistor oscillator, the power gain of 
the amplifier network must be equal 
to or greater than unity. When the 
amplifier power gain becomes less 
than unity, oscillations become 
smaller with time (are “damped”) 
until they cease to exist. In practi- 
eal oscillator circuits, power gains 
greater than unity are required be- 
cause the power output is divided 
between the load and the feedback 
network, as shown in Fig. 96. The 
feedback power must be equal to the 
input power plus the losses in the 
feedback network to sustain oscilla- 
tion. 


LC Resonant Feedback Oscillators 


The frequency-determining | ele- 
ments of an oscillator circuit may 
consist of an inductance-capacitance 
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Figure. 96 Block diagram of transistor oscillator showing division of output power. 
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(LC) network, a crystal, or a resist- 
ance-capacitance (RC) network. An 
LC tuned circuit may be placed in 
either the base circuit or the collec- 
tor circuit of a common-emitter tran- 
sistor oscillator. In the tuned-base 
oscillator shown in Fig. 97, one 
battery is used to provide all the 
de operating voltages for the tran- 
sistor. Resistors Ri, Rs, and R.: pro- 


vide the necessary bias conditions. 
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Resistor Rz is the emitter stabiliz- 
ing resistor. The components within 
the dotted lines comprise the transis- 
tor amplifier. The collector shunt- 
feed arrangement prevents. dc cur- 
rent flow through the  tickler 
(primary) winding of transformer 
T. Feedback is accomplished by the 
mutual inductance between the trans- 
former windings. 

The tuned circuit consisting of the 
secondary winding of transformer T 
and variable capacitor C: is the fre- 
-quency-determining element of. the 
oscillator. Variable capacitor C: per- 
mits tuning through a range of fre- 
quencies. Capacitor C: couples the 
oscillation signal to the base of the 
transistor, and also blocks dc. Ca- 
pacitor C. bypasses the ac signal 
around the emitter resistor R; and 
prevents degeneration. The output 
signal is coupled from the collector 
through coupling capacitor C; to the 
load. 


A tuned-collector transistor oscil- 
lator is shown in Fig. 98. In this 
circuit, resistors R, and R; establish 
the base bias. Resistor R. is the 
emitter stabilizing resistor. Capaci- 
tors C, and C. bypass ac around 
resistors R, and R:, respectively. The 
tuned circuit consists of the primary 
winding of transformer T and the 
variable capacitor C;. Regeneration 
is accomplished by coupling the feed- 
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Tuned-base oscillator. 


back signal from transformer wind- 
ing 3-4 to the tickler coil winding 
1-2. The secondary winding of the 
transformer couples the signal out- 
put to the load. 

Another form of LC resonant 
feedback oscillator is the transistor 
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Figure 98. Tuned-collector oscillator. 
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version of the Colpitts oscillator, 
shown in Fig. 99. Regenerative 
feedback is obtained from the tuned 
circuit consisting of capacitors C: 
and C; in parallel with the pri- 
mary winding of the transformer, 
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Figure 99. Transistor Colpitts oscillator. 


and is applied to the emitter of the 
transistor. Base bias is provided by 
resistors Re and Rs. Resistor R: is 
the collector load resistor. Resistor 
R: develops the emitter input signal 
and also acts as the emitter stabiliz- 
ing resistor. Capacitors C2. and Cs 
form a voltage divider; the voltage 
developed across C; is the feedback 
voltage. The frequency and the 
amount of feedback voltage can be 
controlled by adjustment of either 
or both capacitors. For minimum 
feedback loss, the ratio of the ca- 
pacitive reactance between C, and 
C, should be approximately equal to 
the ratio between the output imped- 
ance and the input impedance of the 
transistor. 

A Clapp oscillator is a modifica- 
tion of the Colpitts circuit shown in 
Fig. 99 in which a capacitor is added 
in series with the primary winding 
of the transformer to improve fre- 
quency stability. When the added 
capacitance is small compared to 
the series capacitance of C, and C,, 
the oscillator frequency is deter- 
mined by the series LC combination 
of the transformer primary and the 
added capacitor. A Hartley oscil- 
lator is similar to the Colpitts 
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oscillator, except that a split induct- 
ance is used instead of a split ca- 
pacitance to obtain feedback. 


Crystal Oscillators 


A quartz. crystal is often used 
as the frequency-determining ele- 
ment in a transistor oscillator circuit 
because of its extremely high Q (nar- 
row bandwidth) and good frequency 
stability over a given temperature 
range. A quartz crystal may be 
operated as either a series or paral- 
lel resonant circuit. As shown in Fig. 
100, the electrical equivalent of the 
mechanical vibrating characteristic 
of the crystal can be represented by 
a resistance R, an inductance L, 
and a capacitance C, in series. The 
lowest impedance of the crystal oc- 
curs at the series resonant frequency 
of C; and L; the resonant frequency 
of the circuit is then determined 
only by the mechanical vibrating 
characteristics of the crystal. 

The parallel capacitance C, shown 
in Fig. 100 represents the electro- 
static capacitance between the crystal 
electrodes. At frequencies above the 
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Figure 100. Equivalent circuit of quartz 


crystal. 


series resonant frequency, the com- 
bination of L and C, has the effect 
of a net inductance because the in- 
ductive reactance of L is greater 
than the capacitive reactance of Cs. 
This net inductance forms a parallel 
resonant circuit with C, and any cir- 
cuit capacitance across the crystal. 
The impedance of the crystal is 
highest at the parallel resonant fre- 
quency; the resonant frequency of 
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the circuit is then determined by 
both the crystal and externally con- 
nected circuit elements. 

Increased frequency stability can 
be obtained in the tuned-collector 
and tuned-base oscillators discussed 
previously if a crystal is used in the 
feedback path. The oscillation fre- 
quency is then fixed by the crystal. 
At frequencies above and below the 
series resonant frequency of the crys- 
tal, the impedance of the crystal in- 
creases and the feedback is reduced. 
Thus, oscillation is prevented at fre- 
quencies other than the series reso- 
nant frequency. 

The parallel mode of crystal reso- 
nance is used in the Pierce oscillator 
shown in Fig. 101. (If the crystal 
were replaced by its equivalent cir- 
cuit, the functioning of the oscillator 
would be analogous to that of the 
Colpitts oscillator shown in Fig. 99.) 
The resistances shown in Fig. 101 
provide the proper bias and stabiliz- 
ing conditions for the common-emit- 
ter circuit. Capacitor C, is the 
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Figure 101. Pierce-type transistor crystal 


oscillator. 


emitter bypass capacitor. The re- 
quired 180-degree phase inversion of 
the feedback signal is accomplished 
through the arrangement of the volt- 
age-divider network C. and C;. The 
connection between the capacitors is 
grounded so that the voltage de- 
veloped across C; is applied between 
base and ground and 180-degree 
phase reversal is obtained. The oscil- 
lating frequency of the circuit is de- 
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termined by the crystal and the 
capacitors connected in parcis! with 
it; 


RC Feedback Oscillators 


A resistance-capacitance (RC) net- 
work is sometimes used in place of 
an inductance-capacitance network 
when phase shift is required in a 
transistor oscillator. In the phase- 
shift oscillator shown in Fig. 102, the 


Cs 


Figure 102. 


Transistor RC phase-shift 
oscillator. 


RC network consists of three sec- 
tions (C:R:, C:R:, and C;R;), each of 
which contributes a phase shift of 60 
degrees at the frequency of oscilla- © 
tion. Because the capacitive react- 
ance of the network increases or — 
decreases at other frequencies, the - 
180-degree phase shift required LOK: 
the common-emitter oscillator occurs — 
only at one frequency; thus, the out- — 


put frequency of the oscillator is - - 


fixed. Phase-shift oscillators may. be i" 
made variable over particular fre-— 
quency ranges by the use of ganged 
variable capacitors or resistors in the 
RC networks. Three or more sec- 
tions must be used in the phase- 
shifting networks to reduce feedback 
losses. The use of more sections con- 
tributes to increased stability. 


Nonsinusoidal Oscillators 


Oscillator circuits which produce 
nonsinusoidal output waveforms use 
a regenerative circuit in conjunction 
with resistance-capacitance (RC) or 
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resistance-inductance (RL) com- 
ponents to produce a switching ac- 
tion. The charge and discharge 
times of the reactive elements (R x 
C or L/R) are used to produce saw- 
tooth, square, or pulse output wave- 
forms. 

A multivibrator is essentially a 
nonsinusoidal two-stage oscillator in 
which one stage conducts while the 
other is cut off until a point is 
reached at which the conditions of 
the stages are reversed. This type of 
oscillator is normally used to pro- 
duce a square-wave output. In the 
RC-coupled common-emitter multi- 
vibrator shown in Fig. 103, the out- 
put of transistor Q, is coupled to the 
input of transistor Q2 through the 
feedback capacitor Ci, and the out- 
put of Q, is coupled to the input of 
Q. through the feedback capacitor 


C>. 
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Q. into cutoff. Q2 is maintained in a 
cutoff condition by C: (which was 
previously charged to the supply 
voltage through resistor R:) until 
C, discharges through Rs; toward the 
collector-supply potential. When the 
junction of C, and R; reaches a slight 
positive voltage, however, transistor 
Q: begins to start into conduction and 
the regenerative process reverses. 
Q., then reaches a saturation condi- 
tion, Q: is cut off by the reverse bias 
applied to its base through Cs, and 
the C.R. junction starts charging - 
toward the collector supply voltage. 
The oscillating frequency of the 
multivibrator is determined by the 
values of resistance and capacitance 
in the circuit. 

A blocking oscillator is a form of 
nonsinusoidal oscillator which con- 
ducts for a short period of time and 
is cut off (blocked) for a much longer 


Figure -103. RC-coupled common-emitter 


In the multivibrator circuit, an in- 
crease in the collector current of 
transistor Q;: causes a decrease in 
the collector voltage which, when 
coupled through capacitor C, to the 
base of transistor Q:, causes a de- 
crease in the collector current of Q:. 
The resultant rising voltage at the 
collector of Q:, when coupled through 
capacitor C. to the base of Q:, drives 
Q: further into conduction. This re- 
generative process occurs rapidly, 
driving Q; into heavy saturation and 


multivibrator. 


period. A basic circuit for this type 
of oscillator is shown in Fig. 104. 
Regenerative feedback through the 
tickler-coil winding 1-2 of trans- 
former T; and capacitor C causes 
current through the transistor to rise 
rapidly until saturation is reached. 
The transistor is then cut off until C 
discharges through resistor R. The 
output waveform is a pulse, the width 
of which is primarily determined by 
winding 1-2. The time between pulses 
(resting or blocking time) is deter- 
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Figure 104. 


Basic circuit of blocking 
oscillator. 


mined by the time constant of capac- 
itor C and resistor R. 


FREQUENCY CONVERSION 


Transistors can be used in various 
types of circuits to change the fre- 
quency of an incoming signal. In 
radio and television receivers, fre- 
quency conversion is used to change 
the frequency of the rf signal to an 
intermediate frequency. In communi- 
cations transmitters, frequency mul- 
tiplication is often used to raise the 
frequency of the developed rf signal. 

In a radio or television receiver, 
the oscillating and mixing functions 
are performed by a nonlinear device 
such as a diode or a transistor. As 
shown in the diagram of Fig. 105, 
two voltages of different frequencies, 
the rf signal voltage and the voltage 
generated by the oscillator, are ap- 
plied to the input of the mixer. These 
voltages “beat,” or heterodyne, 
within the mixer transistor to pro- 
duce a current having, in addition 
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Figure 105. Block diagram of simple 
frequency-converter circuit. 
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to the frequencies of the input volt- 
ages, numerous sum and difference 
frequencies. 

The output circuit of the mixer 
stage is provided with a tuned cir- 
cuit which is adjusted to select only 
one beat frequency, i.e., the fre- 
quency equal to the difference be- 
tween the signal frequency and the 
oscillator frequency. The _ selected 
output frequency is known as the 
intermediate frequency, or if. The 
output frequency of the mixer tran- 
sistor is kept constant for all values 
of signal frequency by tuning of the 
oscillator transistor. 

In AM broadcast-band receivers, 
the oscillator and mixer functions 
are often accomplished by use of a 
single transistor called an “auto- 
dyne converter”. In FM and tele- 
vision receivers, stable oscillator 
operation is more readily obtained 
when a separate transistor is used 
for the oscillator function. In such 
a circuit, the oscillator voltage is 
coupled to the mixer by inductive 
coupling, capacitive coupling, or a 
combination of the two. 

An automatic frequency control 
(afc) circuit is often used to provide 
automatic correction of the oscilla- 
tor frequency of a superheterodyne 
receiver when, for any reason, it 
drifts from the frequency which pro- 
duces the proper if center frequency. 
This correction is made by adjust- 
ment of the frequency of the oscilla- 
tor. Such a circuit automatically 
compensates for slight changes. in 
rf carrier or oscillator frequency, as 
well as for inaccurate manual or 
push-button tuning. 

An afe system requires two sec- 
tions: a frequency detector and a 
variable reactance. The detector sec- 
tion may be essentially the same as 
the FM detector illustrated in Fig. 
42. In the afe system, however, the 
output is a de control voltage, the 
magnitude of which is proportional 
to the amount of frequency shift. 
This de control voltage is used to 
control the bias on a transistor or 
diode which comprises the variable 
reactance. © 
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Automatic frequency control is 
also used in television receivers. to 
keep the horizontal oscillator in step 
with the horizontal-scanning fre- 
quency at the transmitter. A widely 
used horizontal afe circuit is shown 
in Fig. 106. This circuit, which is 
often referred to as a_ balanced- 
phase-detector or phase-discrimina- 
tor circuit, is usually employed to 
control the frequency of the horizon- 
tal-oscillator circuit. The detector 
diodes supply a de control voltage 
to the horizontal-oscillator circuit 
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Figure 106. 


which counteracts changes in its 
operating frequency. The magnitude 
and polarity of the control voltages 
are determined by phase relation- 
ships in the afc circuit. 

The horizontal syne pulses ob- 
tained from the sync-separator cir- 
cuit are fed through a phase-inverter 
or phase-splitter circuit to the two 
diode detectors. Because of the ac- 
tion of the phase-inverter circuit, 
the signals applied to the two diode 
units are equal in amplitude but 180 
degrees out of phase. A reference 
sawtooth voltage obtained from the 
horizontal output circuit is also ap- 
plied simultaneously to both units. 
The diodes are biased so that con- 
duction takes place only during the 
tips of the syne pulses. Any change 
in the oscillator frequency alters 
the phase relationship betwen the 
reference sawtooth and the incoming 
horizontal syne pulses, and thus 
causes one of the diodes to conduct 
more heavily than the other so that 
a correction signal is produced. The 
system remains balanced at all 
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times, therefore, because momen- 
tary changes in oscillator frequency 
are instantaneously corrected by the 
action of this control voltage. The 
network between the diodes and the 
horizontal-oscillator circuit is essen- 
tially a low-pass filter which pre- 
vents the horizontal sync pulses 
from affecting the horizontal-oscilla- 
tor performance. 

Frequency multipliers are another 
type of frequency-conversion circuits. 
Because the output-current wave- 
form of power transistors can be 


DC CORRECTION 
VOLTAGE TO 
HORIZONTAL 
“OSCILLATOR 


Balanced-phase-detector or phase-discriminator circuit for horizontal afc. 


made to contain both fundamental 
and harmonic frequency components, 
power output can be obtained at 
a desired harmonic frequency by use 
of a special type of output circuit 
coupled to the collector of the tran- 
sistor. Transistors can be connected 
in either the common-base or the 
common-emitter configuration for 
frequency multiplication. 
The design of transistor fre- 
quency-multiplier circuits consists of 
selection of a suitable transistor and 
design of filtering and matching net- 
works for optimum circuit perform- 
ance. The transistor must be capable 
of power and gain at the fundamen- 
tal frequency and capable of con- 
verting power from the fundamental 
to a harmonic frequency. At a given 
input power level, the output power 
at a desired harmonic frequency is 
equal to the product of the power 
gain of the transistor at the drive 
frequency and the conversion effi- 
ciency of the frequency-multiplier 
circuit. Conversion gain can be ob- 
tained only when the power gain of 
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the transistor at the fundamental 
frequency is larger than the con- 
version loss of the circuit. 

Various types of _ instabilities 
can occur in transistor frequency- 
multiplier circuits, including low- 
frequency resonances, parametric 
oscillations, hysteresis, and high-fre- 
quency resonances. Low-frequency 
resonances occur because the gain 
of the transistor is very high at low 
frequency compared to that at the 
operating frequency. “Hysteresis” 
refers to discontinuous mode jumps 
in output power when the input 
power or frequency is increased or 
decreased. A tuned circuit used in 
the output coupling network has a 
different resonant frequency under 
strong drive than under weaker driv- 
ing conditions. It has been found ex- 
perimentally that hysteresis effect 
-can be minimized, and sometimes 
eliminated, by use of the common- 
emitter configuration. 

Perhaps the most troublesome in- 
stability in transistor frequency- 
multiplier circuits is high-frequency 
resonance. Such instability shows up 
in the form of oscillations at a fre- 
quency very close to the output fre- 
quency when the input drive power 
is removed. This effect suggests that 
the transistor under this condition 
behaves as a locked oscillator at the 
fundamental frequency. Common- 
emitter circuits have been found to 
be less critical for high-frequency 
oscillatons than common-base cir- 
cuits. High-frequency resonance is 
also strongly related to the input 
drive frequency, and can be elimi- 
nated if the input frequency is kept 
below a certan value. The input fre- 
quency at which stable operation 
can be obtained depends on the 
method used to ground the emitter 
of the transistor, and can be in- 
creased by use of the shortest pos- 
sible path from the emitter to 
ground. 


SWITCHING 


Transistors are often used in 
pulse and switching circuits in 
radar, television, telemetering, pulse- 
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code communication, and computing 
equipment. The basic concept in any 
switching circuit is a discrete change 
of state, usually a voltage change or 
a current change or both. This 
change of state may be used to per- 
form logical functions, as in a com- 
puter, or to transfer energy, as in 
relay drivers and switching regula- 
tors. 


A switch presents a high resist- 
ance when it is open and a low re- 
sistance when it is closed. When 
transistors are used as_ switches, 
they offer the dual advantages of hav- 
ing no moving or wearing parts and 
of being easily actuated from various 
electrical inputs. Transistor switch- 
ing circuits act as generators, am- 
plifiers, inverters, frequency dividers, 
and waveshapers to provide limit- 
ing, triggering, gating, and signal- 
routing functions. These applications 
are normally characterized by large- 
signal or nonlinear operation of the 
transistor. 


When a transistor switching cir- 
cuit is ON, the resistance should be 
as low as possible across the tran- 
sistor to avoid loss of power across 
the switch. To achieve this low re- 
sistance, it is necessary that the 
transistor be in the saturation re- 
gion. Enough base current must be 
supplied to assure that saturation is 
maintained under “worst-case” op- 
erating conditions. (‘‘Worst-case” 
design is essential to guarantee re- 
liable operation of a circuit under the 
most adverse conditions. Resistor, 
capacitor, and voltage tolerances, 
variations in transistor parameters, 
temperature effects, and end-of-life 
degradation are the primary factors 
considered in ‘‘worst-case” design of 
circuits.) In the OFF condition, the 
impedance across the _ transistor 
should be as high as possible. 


In large-signal operation, the tran- 
sistor acts as an overdriven amplifier 
which is driven from the cutoff region 
to the saturation region. In the sim- 
ple transistor-switching circuit shown 
in Fig. 107, the collector-base junc- 
tion is reverse-biased by battery Vcc 
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through resistor R;. Switch S: con- 
trols the polarity and amount of base 
current from battery Vz: or Vz. 
When §; is in the OFF position, the 
emitter-base junction of the transis- 
tor is reverse-biased by battery Vz: 
through the current-limiting resistor 


Figure 107. 


R:. The transistor is then in the OFF 
(cutoff) state. (Normal quiescent 
conditions for a transistor switch in 
the cutoff region require that both 
junctions be reverse-biased.) 

When the switch is in the ON posi- 
tion, forward bias is applied to the 
emitter-base junction by battery Vs: 
through the current-limiting resistor 
R,;. The base current and collector 
current then increase rapidly until 
the transistor reaches saturation. 
(The transistor is saturated when 
the collector current reaches a value 
at which it is limited by Rs and Vcc. 
Collector current is then approxi- 
mately equal to Vcc/Rs, and further 
increases in base drive produce no 
further increase in collector cur- 
rent.) The active linear region is 
called the transition region in switch- 
ing operation because the signal 
passes through this region rapidly. 

In the saturation region, the col- 
lector current is usually at a maxi- 
mum and collector voltage at a 
minimum. This value of collector 
voltage is referred to as the satura- 
tion voltage, and is an important 
characteristic of the transistor. A 
transistor operating in the satura- 
tion region is in the ON (conducting) 


Simple switching circuit. 
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state. (Both junctions are forward- 
biased.) 

Regions of operation are similar 
for all transistor configurations used 
as switches. When both junctions of 
the transistor are reverse-biased 
(cutoff condition), the output current 
is very small and the output voltage 
is high. When both junctions are 
forward-biased (saturation condi- 
tion), the output current is high and 
the output voltage is small. For most 
practical purposes, the small output 
current in the cutoff condition and 
the small output voltage in the sat- 
urated condition may be neglected. 


Switching Times 


When switch S: in Fig. 107 is 
operated in sequence from OFF to 
ON and then back to OFF, the cur- 
rent pulses shown in Fig. 108 are ob- 
tained. The rectangular input current 
pulse I, drives the transistor from 
cutoff to saturation and -back to cut- 
off. The output current pulse Ic is 
distorted because the transistor can- 
not respond instantaneously to a 
change in signal level. The response 
of the transistor during the rise time 
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Figure 108. Current waveforms obtained in 
switching circuit. 


tr and the fall time tr is called the 
transient response, and is essentially 
determined by the transistor char- 
acteristics in the active linear region. 

The delay time ta is the length of 
time that the transistor remains cut 
off after the input pulse is applied. 
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This finite time is required before 
the applied forward bias overcomes 
the emitter depletion capacitance of 
the transistor and collector current 
begins to flow. 

The rise time t, (which is also re- 
ferred to as build-up time) is the 
time required for the leading edge of 
the pulse to increase in amplitude 
from 10 to 90 per cent of its maxi- 
mum value. Rise time can be reduced 
by overdriving the transistor, but 
only small amounts of overdrive are 
normally used because turn-off time 
(storage time plus fall time) is also 
affected. 

The pulse time t, (or pulse dura- 
tion) is the length of time that the 
pulse remains at, or very near, its 
maximum value. Pulse-time duration 
is measured between the points on 
the leading edge and on the trailing 
edge where the amplitude is 90 per 
cent of the maximum value. 

The storage time ts; is the length 
of time that the output current Ic re- 
mains at its maximum value after 
the input current Iz is reversed. The 
length of storage time is essentially 
governed by the degree of saturation 
into which the transistor is driven 
and by the amount of reverse (or 
turn-off) base current supplied. 

The fall time t: (or decay time) of 
the pulse is the time required for the 
trailing edge to decrease in ampli- 
tude from 90 to 10 per cent of its 
maximum value. Fall time may be 
reduced by the application of a re- 
verse current at the end of the input 
pulse. 

The total turn-on time of a tran- 
sistor switch is the sum of the delay 
time and the rise time. The total 
turn-off time is the sum of the stor- 
age time and the fall time. A reduc- 
tion in either storage time or fall 
time decreases turn-off time and in- 
creases the usable pulse repetition 
rate of the circuit. 


Triggered Circuits 


When an externally applied signal 
is used to cause an instantaneous 
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change in the operating state of a 
transistor circuit, the circuit is said 
to be triggered. Such circuits may 
be astable, monostable, or bistable. 
Astable triggered circuits have no 
stable state; they operate in the 
active linear region, and produce 
relaxation-type oscillations. A mono- 
stable circuit has one stable state 
in either of the stable regions (cut- 
off or saturation); an external pulse 
“triggers” the transistor to the other 
stable region, but the circuit then 
switches back to its original stable 
state after a period of time deter- 
mined by the time constants of the 
circuit elements. A bistable (flip-flop) 
circuit has a stable state in each of 
the two stable regions. The transis- 
tor is triggered from one stable state 
to the other by an external pulse, 
and a second trigger pulse is re- 
quired to switch the circuit back to 
its original stable state. 

The multivibrator circuit shown in 
Fig. 109 is an example of a mono- 
stable circuit. The bias network holds 


Monostable multivibrator. 


Figure 109. 


transistor Q: in saturation and tran- 
sistor Q; at cutoff during the quies- 
cent or steady-state period. When an 
input signal is applied through the 
coupling capacitor C:, however, tran- 
sistor Q: begins to conduct. The de- 
creasing collector voltage of Q:; 
(coupled to the base of Q. through 
capacitor C:) causes the base current 
and collector current of Q: to de- 
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crease. The increasing collector volt- 
age of Q: (coupled to the base of Q: 
through resistor R,) then increases 
the forward base current of Q:. This 
regeneration rapidly drives transis- 
tor Q: into saturation and transistor 
Q. into cutoff. The base of transistor 
Q. at this point is at a negative po- 
tential almost equal to the magni- 
tude of the battery voltage Vee. 
Capacitor C, then discharges 
through resistor R. and the low sat- 
uration resistance of transistor Q:. 
As the base potential of Q. becomes 
slightly positive, transistor Q. again 
conducts. The decreasing collector 
potential of Q: is coupled to the base 
of Q; and transistor Q; is driven into 
cutoff, while transistor Q2 becomes 
saturated. This stable condition is 
maintained until another pulse trig- 
gers the circuit. The duration of the 
output pulse is primarily determined 
by the time constant of capacitor C: 
and resistor R, during discharge. 
The Eccles-Jordan-type multivi- 
brator circuit shown in Fig. 110 is an 
example of a bistable circuit. The re- 
sistive and bias values of this circuit 
are chosen so that the initial appli- 
cation of de power causes one tran- 
sistor to be cut off and the other to 


RCA Transistor Manual 


be driven into saturation. Because of 
the feedback arrangement, each tran- 
sistor is held in its original state by 
the condition of the other. The appli- 
cation of a positive trigger pulse to 
the base of the OFF transistor or a 
negative pulse to the base of the ON 
transistor switches the conducting 
state of the circuit. The new condi- 
tion is then maintained until a sec- 
ond pulse triggers the circuit back to 
the original condition. 

In Fig. 110, two separate inputs 
are shown. A trigger pulse at input 
A will change the state of the cir- 
cuit. An input of the same polarity at 
input B or an input of opposite polar- 
ity at input A will then return the 
circuit to its original state. (Collector 
triggering can be accomplished in a 
similar manner.) The capacitors Cs 
and C, are used to speed up the re- 
generative switching action. The out- 
put of the circuit is a unit step volt- 
age when one trigger is applied, or 
a square wave when continuous puls- 
ing of the input is used. 


Gating Circuits 


A transistor switching circuit in 
which the transistor operates as an 


Figure 110. Eccles-Jordan-type bistable multivibrator. 
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effective open or short circuit is 
called a “gate”. These circuits are 
used extensively in computer appli- 
cations to provide a variety of func- 
tions such as circuit triggering at 
prescribed intervals and level and 
waveshape control. Because these cir- 
cuits are designed to evaluate input 
conditions to provide a predetermined 
output, they are primarily used as 
logie circuits. Logic circuits include 
OR, AND, NOR (NOT-OR), NAND 
(NOT-AND), series (clamping), and 
shunt or inhibitor circuits. 

An OR gate has more than one in- 
put, but only one output. It provides 
a prescribed output condition when 
one or another prescribed input con- 
dition exists. When a pulse of the 
proper polarity is applied at one or 
more of the inputs to an OR gate, 
an output pulse of the same polarity 
is obtained. If the circuit provides 
phase inversion of the input signal, 
the OR gate becomes a NOT-OR 
(NOR) gate. Fig. 111 shows a sim- 
ple NOR gate that uses diode inputs. 


+Vcc 


Figure 111. Simple diode NOR gate. 


Fig. 112 shows a transistor NOR 
gate in which bias is provided by the 
battery Vo». The bias value is chosen 
so that the transistor is cut off 
when all inputs are low and is turned 
on and saturated when either or both 
of the inputs are high. 

An AND gate also has more than 
one input, but only one output. How- 
ever, it provides an output only when 
all the inputs are applied simultan- 
eously. As in the case of the OR 
gate, the use of a configuration which 
provides phase inversion provides a 
NOT-AND (NAND) gate. 
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Figure 112. Simple transistor NOR gate. 


The AND-OR gate shown in Fig. 
113 illustrates the use of a direct- 
coupled transistor logic circuit to 
trigger a bistable multivibrator. The 
over-all gating function, which con- 
sists of a NAND function and a 
NOR function, is performed by tran- 
sistors Q:, Q:, and Q;. Transistor Q, 
is part of the bistable multivibrator. 

Transistors Q; and Q:2 are series-. 
connected and form a NAND gate. 
Similarly, transistors Q: and Q; are 
series-connected and form a NAND 
gate. Transistors Q. and Q; are par- 
allel-connected and form a NOR gate. 
Provided all transistors are cut off 
(quiescent condition), triggering of 
the bistable multivibrator is accom- 
plished when the prescribed input 
conditions for either of the NAND 
gates are met, i.e., when either tran- 
sistors Q; and Q, or transistors Q, 
and Q,; are triggered into conduction. 

Gating circuits are also used as 
amplitude discriminators (limiters), 
clippers, and clamping circuits, and 
as signal-shunting or transmission 
gates. 

Propagation delay per stage or 
per pair of stages is the most im- 
portant consideration in determining 
the speed capabilities of a logic sys- 
tem for computer applications. This 
delay time limits the maximum speed 
with which information can _ be 
processed in a computer. Typical 
propagation delays ranging from 
several microseconds to less than 10 
nanoseconds can be obtained, de- 
pending upon the type of circuit and 
transistor used. 

The simplest computer building 
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Figure 113. AND-OR gate or trigger circuit. 


block is the RTL (Cresistance-tran- 
sistor-logic) circuit shown in Fig. 
114. This circuit performs a NOR 
function if positive voltage levels 
are defined as binary “1” and nega- 
tive voltages are defined as binary 
“oO”, RTL circuits must be designed 
so that de stability is obtained under 
“worst-case” conditions. However, if 
optimum switching performance is 
desired, circuits are designed to pro- 
vide maximum reverse base current 
for a given fan-in (number of in- 
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puts) and fan-out (number of out- 
puts). This approach decreases 
storage and fall times and thus pro- 
vides smaller propagation delays per 
stage, but decreases the fan-out 
capability of the circuit. 

The measurement of propagation 
delay in RTL circuits is made under 
“worst-case” conditions, i.e., alter- 
nate stages are subjected in turn to 
maximum and then minimum drive 
conditions. Maximum drive produces 
short delay and rise times but long 
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Figure 114. Simple RTL (resistance-transistor-logic) 


NOR circuit. 
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Figure 115. Generalized RCTL (resistance-capacitance-transistor-logic) NOR circuit. 


storage and fall times; it occurs 
when a given stage is driven by 
three unloaded stages. Minimum 
drive produces short storage and fall 
times but long delay and rise times; 
it oecurs when a given stage is 
driven at only one input by a fully 
loaded stage. 

A generalized RCTL (Cresistance- 
capacitance-transistor-logic) circuit 
is shown in Fig. 115. This type of 
logic circuit is characterized by a 
large number of transistors and is 
capable of extremely fast operation. 
The logic function performed by the 
RCTL arrangement of Fig. 115 is the 
same as that described for the RTL 
system shown in Fig. 114. 

The high-speed operation of RCTL 
systems is a result of the use of the 
“speed-up” capacitor Cr. This capa- 
citor compensates for stored charge 
in the transistor, and also provides 
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Figure 116. 
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drive on an instantaneous basis. 
Therefore, extremely fast transistor 
switching times can be obtained. 
However, the maximum repetition 
rate of the circuit is limited by the 
value of Cr. Therefore, Cr must be 
selected just large enough to com- 
pensate for the transistor stored 
charge. 

Fig. 116 shows a generalized DTL 
(diode-transistor-logic) circuit which 
performs either a NAND or a NOR 
function depending upon the defini- 
tion of voltage levels. The DTL cir- 
cuit is characterized by extremely 
high speed, a large number of diodes, 
and relatively few transistors. Such 
circuits may use a collector clamp 
voltage, as shown, or may be de- 
signed without collector clamping 
provided all input diodes are reverse- 
biased when a transistor is to be 
ON. The latter approach makes pos- 
sible larger fan-in and fan-out, but 
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Generalized DTL (diode-transistor-logic) circuit. 


82 


is somewhat slower in speed than 
the design shown. The DTL system 
is more economical than the RCTL 
system because fewer transistors 
are required to perform a given logic 
function. 

Figs. 117 and 118 show two ap- 
proaches to the design of ultra-high- 
speed, non-saturating logic circuits. 
The circuit in Fig. 117 is the gen- 
eralized circuit for a current-steer- 
ing system using reference diodes 
and transistors; Fig. 118 shows the 
generalized circuit for a complemen- 
tary-symmetry current-steering sys- 
tem using only transistors. 

Current-steering logic (CSL) cir- 
cuits are characterized by a large 
number of transistors, high power 
dissipation, and _ ultra-high-speed 
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operation. The logic function per- 
formed by these circuits is somewhat 
different from those discussed pre- 
viously. Because of the extra tran- 
sistors involved, such circuits can 
perform both a _ desired . function 
and its inverse. For example, both 
NAND and AND or NOR and OR 
functions are directly obtained, the 
combination depending upon the defi- 
nition of voltage levels. 

The design of current-steering cir- 
cuits must be optimized to use the 
smallest load resistor Rx possible be- 
cause the ultimate speed of the cir- 
cuit is limited by the time constant 
of this load resistance and the load 
capacitance. The complementary- 
symmetry approach is’ superior to 
diode current steering because: it is 
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Figure 117. Generalized current-steering system using reference diodes and transistors. 
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Generalized circuit for complementary-symmetry current-steering 


system using only transistors. 


equivalent in speed, provides the 
same transistor dissipation (and is 
thus equally reliable), and may be 
designed with less critical toler- 
ances. 

Computer operation requires the 
use of many flip-flop circuits for 
temporary storage of data. ‘“Set- 
reset” flip-flops may be formed read- 
ily by use of any of the basic logic 
blocks described. A binary-counter- 
type flip-flop is shown in Fig. 119. 

The design of the flip-flop circuit 
is the same as for the RCTL system 
except for the trigger gating circuit 
and the value of Cr. The trigger gat- 
ing circuit is designed so that a 
negative pulse at the input turns the 
ON transistor off. Therefore, the 
size of the input capacitors must be 
determined by the maximum stored 


charge of the transistor and the size 
of the input voltage swing. The two 
additional diodes connected from 
base to emitter of each transistor 
and the two diodes shunting the 
gating resistors connected to the 
collectors are used to eliminate time- 
constant problems at high frequen- 
cies. These diodes may be eliminated 
if high-frequency operation is not 
required. 

The problem of noise control in 
computer systems increases in im- 
portance with the use of ultra-high- 
speed transistors and circuits. Noise 
immunity is defined as the ability of 
a given circuit to be relatively im- 
mune to a certain amplitude and 
duration of noise voltage. In com- 
puter circuits, there are essentially 
three sources of noise: (1) capaci- 
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Figure 119. 
tive cross-coupling, (2) inductive 
cross-coupling, and (8) coupling 


through common impedances. The in- 
ductive noise component is generally 
the most significant in transistor 
circuits because relatively low volt- 
ages and high currents are present. 

To optimize a switching design for 
noise immunity, it is necessary to 
determine what noise-voltage ampli- 
tude at the input is required to 


cause a change at the output. Be- 


cause this amplitude is a function 
of the transient response of the 
switching circuit, the pulse width or 
duration of the noise voltage must 
also be considered. In the following 
discussion, it is assumed that the 
noise voltage is of sufficient duration 
that effects of the circuit transient 
response may be neglected (i.e., that 
the noise-voltage duration is no less 
than the longest turn-on or turn-off 
time of the switching circuit). 

The DTL circuit shown in Fig. 116 
can be used to illustrate the design 
of a logic circuit for noise immunity. 
When all inputs are high, a negative 
noise pulse at any input tends to 
turn the ON transistor off; a posi- 
tive noise pulse has no effect. The 


Binary-counter-type flip-flop circuit. 


amplitude of noise required to ef- 
fect a change is determined by the 
reverse bias Vr on the input diodes, 
the amount of forward bias Vr neces- 
sary to cause appreciable conduc- 
tion of an input diode, and the 
stored charge Qs of the ON transis- 
tor. For the ON condition, therefore, 
the negative noise-voltage amplitude 
required to cause a change in the 
output is given by 


—Vi = Ve + Vr + (Qs/Cr) 


When any one of the inputs is low 
and the transistor is OFF, only a 
positive noise pulse at a low input 
has any effect on the transistor out- 
put. The amplitude of the positive 
noise voltage required to start the 
transistor turning ON is determined 
by the amount of reverse bias Vz 
on the base-to-emitter junction of 
the transistor, the forward bias Vzax 
required across the base-to-emitter 
junction to cause appreciable con- 
duction of base current, and the 
amount of charge necessary to 
charge the input capacitance C: at 
the base through the voltage Vs + 
Vzu. For the OFF condition, there- 
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fore, the positive noise-voltage am- 
plitude required is given by 


Ci 
Vn = (Vs + Voz) (1 +G,) 


A per-cent noise-immunity figure 
can be defined for a particular cir- 
cuit as the ratio of the noise volt- 
ages determined above to the normal 
voltage swing of a true input, which 
is approximately equal to the col- 
lector supply voltage. It is desirable 
to have equal noise immunity for 
both the ON and OFF conditions be- 
cause the per-cent noise-immunity 
figure for the circuit is no better 
than the lower value. 

Because the values Vr, Vsz, Qs, Cr, 
and C,; are constants for a specific 
transistor and diode, the values of 
Vr and Vs may be chosen to obtain 
a desired noise immunity for a given 
circuit design. However, circuit noise 
immunity and fan-out capability are 
interdependent; if noise immunity is 
made too large; fan-out capability 
will suffer. Therefore, a compromise 
between the two must be made. 


Power Switching 


Because of their efficiency and re- 
liability, transistor switches are 
ideally suited to the control of large 
amounts of power. However, the ef- 
ficiency of a power switching circuit 
is affected by the switching speed of 
the transistor. In some applications 
a faster transistor that has a low 
power rating may be preferred to 
a slower transistor that has a higher 
power rating. 

In a practical switching circuit, 
the average power dissipated in the 
transistor is much less than the 
peak dissipation. The peak dissipa- 
tion varies considerably with the 
type of load. The average power 
dissipation can be reduced, and thus 
the efficiency of the circuit can be 
increased, by use of a transistor that 
has fast switching characteristics 
(minimum turn-on time and turn- 
off time), low collector-to-emitter 
saturation voltage Vcn(sat), and low 
collector-cutoff current Icso. 
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An analysis of the transistor load 
line is an important consideration 
in achieving reliability in a high- 
power switch. In general, the load 
is a combination of resistive and re- 
active elements. It is almost never 
purely resistive, and for “worst- 
case” analysis can be assumed to 
be completely inductive. 

Fig. 120 shows a simple test cir- 
cuit which can be used for analysis 
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Figure 120. Simple test circuit for analysis 
of a load line. 


of a load line. The current-sensing 
resistor R in the collector circuit 
should be non-inductive and have a 
resistance much smaller than any 
other impedance in series with the 
transistor. A typical load line (col- 
lector current Ic as a function of 
collector-to-emitter voltage Vcz) for 
this circuit is shown in Fig. 121. Fig. 
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Figure 121. 
‘shown in Figure 120. 


Typical load line for circuit 


122 shows typical voltage and cur- 
rent curves as a function of time 
for this switch. The curves of Figs. 
121 and 122 can be used for calcula- 
tion of the peak and average power 
dissipation, voltage limitations, and 
second-breakdown energy. The turn- 
off energy of the switch must not 
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waveforms for switch shown in Figure 120. 


exceed the second-breakdown volt- 
age rating for the transistor used. 

In many cases, the de voltage re- 
quired to operate electronic equip- 
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ment is different from the available 
de supply. The circuit used to con- - 
vert direct current from one level 
to another is called a converter. Fig. 
123 shows two simple converter cir- 
cuits which can be used in place of 
the conventional vibrator-type con- 
verter in automobile radios. The 
switching drive to the two transis- 
tors is supplied by a separate, small, 
saturable transformer in the circuit 
of Fig. 128a, and by an additional 
center-tapped drive winding on a 
single saturable transformer in Fig. 
123b. The characteristic hysteresis 
loop of the auto-transformer used 
in the circuit of Fig. 123b is shown 
in Fig. 124. Transformer parameters 
such as frequency, number of turns, 
and size and type of core material 
are determined by the operating re- 
quirements for the circuit. Once the 
transformer has been established, a 
change in supply voltage results in 
a change in the operating frequency. 

Switching is accomplished as a re- 
sult of the saturation of the trans- 
former. When the slope of the 
hysteresis loop shown in Fig. 124 
is small, the magnetizing inductance 
is small and the magnetizing current 
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Figure 123. 


Simple converter circuits that can be used in place of vibrator-type 


converters in automobile radios. 
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increases rapidly. This situation ex- 
ists as the loop is traversed in a 
counter-clockwise manner from point 
1 to point 2. From point 2 to point 
3, the magnetizing current increases 


Figure 124. Characteristic hysteresis loop 
of auto-transformer used in circuit of 
Figure 123b. 


very slowly because the magnetiz- 
ing inductance is high. At point 3, 
the core is in saturation, and the 
magnetizing current again increases 
rapidly. As the current continues to 
increase (between points 3 and 4), 
the ON transistor comes out of satu- 
ration. When point 4 has been 
reached, the voltages across the pri- 
‘mary windings of the transformer 
have dropped to zero, and the bat- 
tery voltage is applied across the 
collector-to-emitter terminals of 
each transistor. The magnetizing 
current then begins to decay, and 
voltages of opposite polarity are in- 
duced across the transformer. At 
point 5, the magnetizing current has 
been reduced to zero, the second 
transistor is in saturation, and the 
first transistor has twice the bat- 
tery voltage across its emitter-to- 
collector junction. This sequence of 
events is repeated during each half- 
cycle of the operation of the circuit, 
except for a reversal of polarity. 
The approximate load line of the 
converter circuit of Fig. 123b is 
shown in Fig. 125. Many of the im- 
portant transistor ratings can be 
determined from this curve. For ex- 
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ample, the collector-to-emitter sus- 
taining voltage under reverse-bias 
conditions, Vcrv(sus), is given by 


Vorv(sus) > 2Vcc + AVec 


where Vcc is the collector-supply 
voltage and AVcc is the magnitude 
of the supply variations or “spikes”. 
The second-breakdown voltage limit 
Es/s for the transistor is given by 


Es/2 > %(fIs)*L1 


where £ is the common-emitter for- 
ward transfer-current ratio, Is is the 
base current, and Ll is the total 
series inductance of the transformer 
and the load reflected to the input. 
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converter circuit shown in Figure 123b. 


As mentioned previously, the col- 
lector-to-emitter saturation voltage ~ 
Vcu(sat) of the transistor should be 
low. . 

The change in frequency of opera- 
tion of a converter with supply volt- 
age is not usually important because 
the ac voltage is rectified and fil-. 
tered. In an inverter circuit, how- 
ever, the frequency may be very 
important and is generally controlled 
by adjustment of the supply volt- 
age. Typically, the de supply voltage 
is controlled by means of a voltage 
regulator inserted ahead of the con- 
verter to stabilize the input voltage 


‘and a power amplifier following the 


converter to isolate the converter 
from the effects of a varying load. 
Fig. 126 shows a block diagram 
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Figure 126. Block diagram of typical —& 


inverter circuit. ti 


of a typical inverter circuit. The 
output frequency is directly depend- 
ent on the induced voltage of the 
converter transformer. The feedback 
shown samples this induced voltage 
and adjusts the output of the voltage 
regulator to maintain a constant in- 
duced voltage in the converter and 
thus a constant output frequency. 
If a regulated output voltage is not 
required, the second voltage regula- 
tor is omitted. 

In the operation of a regulator 
circuit, the difference between a ref- 
erence input (e.g., the supply volt- 
age) and some portion of the output 
voltage (e.g., a feedback signal) is 
used to supply an actuating error 
signal to the control elements. The 
amplified error signal is applied in 
a manner that tends to reduce this 
difference to zero. Regulators are de- 
signed to provide a constant output 
voltage very nearly equal to the de- 
sired value in the presence of vary- 
ing input voltage and output load. 

A switching regulator provides at 
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least three major advantages over 
conventional series-type regulators: 
(1) higher efficiency (lower power 
dissipation, smaller physical size); 
(2) use of fewer, more economical 
transistors; (3) higher power-output 
capabilities. In the typical switching 
regulator shown in Fig. 127, the 
series regulator transistor is pulse- 
duration modulated by the signal 
supplied from the multivibrator. The 
ON time of the multivibrator is in 
turn controlled by a de comparison 
between a reference voltage de- 
veloped across the zener diode Di 
and the output. The pulsed output 
from the series transistor is inte- 
grated by the low-pass filter. When 
the transistor is conducting, current 
is delivered to the load from the in- 
put source. In the OFF condition, 
diode D. conducts and the energy 
stored in the reactive elements sup- 
plies current to the load. 

When a step-down regulator is re- 
quired (e.g., 100 volts down to 28 
volts), the efficiency of a switching 
regulator is considerably higher 
than that of a conventional series 
regulator. If very precise regulation 
is required, the switching regulator 
can be used as a pre-regulator fol- 
lowed by a conventional regulator 
circuit; this configuration optimizes 
the advantages of both types of 
regulators. Over-all efficiency for 
such a combination circuit is typi- 
cally about 80 to 85 per cent, as 
compared to values of 25 to 30 per 
eent for a conventional series-type 
step-down regulator. In addition, 
total power dissipation is reduced 
from several hundreds of watts to 
less than 50 watts. 


Figure 127. Typical switching regulator. 


ield-effect transistors combine 

the inherent advantages of solid- 
state devices (small size, low power 
consumption, and mechanical rug- 
gedness) with a very high input 
impedance and a square-law trans- 
fer characteristic that is especially 
desirable for low cross-modulation 
in rf amplifiers. Unlike the other 
transistors described in this Manual, 
which are bipolar devices (i.e., per- 
formance depends on the interaction 
of two types of charge carriers, 
holes and _ electrons), field-effect 
transistors are unipolar devices (i.e., 
operation is basically a function of 
only one type of charge carrier, holes 
in p-channel devices and electrons in 
n-channel devices). 

Early models of field-effect tran- 
sistors used a reverse-biased semi- 
conductor junction for the control 
electrode. In MOS _ (metal-oxide- 
semiconductor) field-effect transis- 
tors, a metal control “gate” is sepa- 
rated from the semiconductor “chan- 
nel” by an insulating oxide layer. 
One of the major features of the 
metal-oxide-semiconductor structure 
is that the very high input resist- 
ance of MOS transistors (unlike 
that of junction-gate-type field-effect 
transistors) is not affected by the 
polarity of the bias on the control 
(gate) electrode. In addition, the 
leakage currents associated with the 
insulated control electrode are rela- 
tively unaffected by changes in am- 
bient temperature. Because of their 
unique properties, MOS field-effect 
transistors are particularly well 


MOS Field-Effect 


Transistors 


suited for use in such applications 
as voltage amplifiers, rf amplifiers, 
and voltage-controlled attenuators. 


THEORY OF OPERATION 


The operation of field-effect de- 
vices can be explained in terms of a 
charge-control concept. The metal 
control electrode, which is called a 
gate, acts as a charge-storage or 
control element. A charge placed on 
the gate induces an equal but op- 
posite charge in the semiconductor 
layer, or channel, located beneath 
the gate. The charge induced in the 
channel can then be used to control 
the conduetion between two ohmic 
contacts, called the seurce and the. 
drain, made to opposite ends of the 
channel. 

In the junction-gate type of field- 
effect transistor, a p-n junction is 
used for the gate or control elec- 
trode, as shown in Fig. 128. When 
this junction is reverse-biased, it 
functions as a charge-control elec- 
trode. Under’ steady-state condi- 


GATE 


Figure 128. Structure of p-n junction 
field-effect transistor. 


tions, only leakage currents flow in 
the gate circuit and thus the device 
has a high input resistance. When 
the junction gate is forward-biased, 
however, the input resistance drops 
sharply, there is appreciable input 
current, and power gain decreases 
significantly. 

The MOS type of field-effect tran- 
sistor uses a metal gate electrode 
separated from the semiconductor 
material by an insulator, as shown 
in Fig. 129. Like the p-n junction, 
this insulated-gate electrode can de- 
plete the source-to-drain channel of 
active carriers when suitable bias 
voltages are applied. However, the 
insulated-gate electrode can also in- 
crease the conductivity of the chan- 
nel without increasing steady-state 
input current or reducing power 
gain. 
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Figure 129. Structure of an MOS 
field-effect transistor. 


The two basic types of MOS field- 
effect transistors are the depletion 
type and the enhancement type. In. 
the depletion type, charge carriers 
are present in the channel when no 
bias voltage is applied to the gate. 
A reverse gate voltage is one which 
depletes this charge and thereby re- 
duces the channel conductivity. A 
forward gate voltage draws more 
charge carriers into the channel and 
thus increases the channel conduc- 
tivity. In the enhancement type, the 
gate must be forward-biased to pro- 
duce active carriers and permit con- 
duction through the channel. No 
useful channel conductivity exists at 
either zero or reverse gate bias. 
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Because MOS transistors can be 
made to utilize either electron con- 
duction (n-channel) or hole conduc- 
tion (p-channel), four distinct types 
of MOS field-effect transistors are 
possible. As shown in Fig. 130, the 
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Figure 130. Schematic ecptes ti MOS 
transistors (G = gate, = drain, 
B = active bulk, S = eeceia 
schematic symbol for an MOS tran- 
sistor indicates whether it is n-chan- 
nel or p-channel, depletion-type or 
enhancement-type. The direction of 
the arrowhead in the symbol iden- 
tifies the n-channel device (arrow 
pointing toward the channel) or the 
p-channel device (arrow pointing 
away from the channel). The chan- 
nel line itself is made solid to iden- 
tify the “normally ON” depletion- 
type, or is interrupted to identify 
the “normally OFF” enhancement ? 
type. 

Figyt31 shows a ‘endaswdetion 4 
view of an n-channel enhancement- 
type MOS transistor (reversal of — 
n-type and p-type regions would pro- 
duce a p-channel enhancement-type 
transistor). This type of transistor 
is normally non-conducting until a 
sufficient voltage of the correct 
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Figure 131. Structure of n-channel 
enhancement-type MOS transistor. 
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polarity is applied to the gate elec- 
trode. When a positive bias voltage 
is applied to the gate of an n-channel 
enhancement transistor, electrons 
are drawn into the channel region 
beneath the gate. If sufficient volt- 
age is applied, this channel region 
changes from p-type to n-type and 
provides a conduction path between 
the n-type source and the n-type 
drain regions. (In a p-channel en- 
hancement transistor, the applica- 
tion of negative bias voltage draws 
holes into the region below the gate 
so that this channel region changes 
from n-type to p-type and again 
provides a source-to-drain conduc- 
tion path.) Effectively, the increase 
in gate voltage causes the forward 
transfer characteristic to shift along 
the gate-voltage axis. Because of 
this feature, enhancement-type MOS 
transistors are particularly suitable 
for switching applications. 

In a depletion-type MOS transis- 
tor, the channel region between the 
source and the drain is made of 
material of the same conductivity 
type as both the source and drain, 
as was shown in Fig. 129. This 
structure can provide substantial 
drain current even when no gate 
bias voltage is applied. 

In enhancement-type transistors, 
the gate electrode must cover the 
entire region between the source 
and the drain so that the applied 
gate voltage can induce a conduc- 
tive channel between them. In de- 
pletion-type transistors, however, 
the gate can be “offset” from the 
drain region to achieve a substan- 
tial reduction in feedback capaci- 
tance and an over-all improvement 
in amplifier circuit stability. 


FABRICATION 


The fabrication techniques used to 
produce MOS transistors are similar 
to those used for modern high-speed 
silicon bipolar transistors. The start- 
ing material for an n-channel tran- 
sistor is a lightly doped p-type 
silicon wafer. (Reversal of p-type 
and n-type materials referred to in 
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this description produces a p-chan- 
nel transistor.) After the wafer is 
polished on one side and oxidized in 
a furnace, photolithographic tech- 
niques are used to etch away the 
oxide coating and expose bare sili- 
con in the source and drain regions. 
The source and drain regions are 
then formed by diffusion in a furnace 
containing an n-type impurity (such 
as phosphorus). If the transistor is 
to be an enhancement-type device, 
no channel diffusion is required. If 
a depletion-type transistor is de- 
sired, an n-type channel is formed 
to bridge the space between the dif- 
fused source and drain. 

The wafer is then oxidized again 
to cover the bare silicon regions, 
and a second photolithographic and 
etching step is performed to remove 
the oxide in the contact regions. 
After metal is evaporated over the 
entire wafer, another photolitho- 
graphic and etching step removes all 
metal not needed for the ohmic con- 
tacts to the source, drain, and gate. 
The individual transistor chips are 
then mechanically separated and 


‘mounted on individual headers, con- 


nector wires are bonded to the metal- 
ized regions, and each unit is her- 
metically sealed in its case in an 
inert atmosphere. After testing, the 
external* leads of each device are 
physically shorted together to pre- 


vent electrostatic damage _ to the 


gate insulation during branding and 
shipping. 


ELECTRICAL 
CHARACTERISTICS 


The basic current-voltage rela- 
tionship for a depletion-type MOS 
transistor operating in the common- 
source configuration is shown in Fig. 
132. At low drain-to-source poten- 
tials and with the gate returned to . 
the source (Vc = 0); the resistance 
of the channel is essentially constant 
and current varies linearly with 
voltage, as illustrated in region 
A-B. As the drain current is in- 
creased beyond point B, the voltage 
(IR) drop in the channel produces 
a progressively greater voltage dif- 
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ference between the gate and points 
in the channel successively closer to 
the drain. As this potential differ- 
ence between gate and channel in- 
creases, the channel is depleted of 
carriers (becomes “constricted’’) 
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Figure 132. Basic current-voltage relation- 
ship for a depletion-type MOS transistor. 


and drain current increases much 
more slowly with further increases 
in drain-to-source voltage, as shown 
in region B-C. Further increases in 
drain-to-source voltage beyond point 
C produce no change in gate current 
until point D is reached. This condi- 
tion leads to the description of re- 
gion B-D as the “pinch-off” region. 
Beyond point D, the transistor en- 
ters the “breakdown” region, and 
the drain current may increase ex- 
cessively. (The upper curve in Fig. 
1382 also applies to enhancement- 
type transistors provided the gate 
voltage Ve is large enough to pro- 
duce channel conduction.) 

The channel of an MOS transistor 
may achieve self pinch-off as a re- 
sult of the intrinsic IR drop alone, 
or it may be pinched off by a com- 
bination of intrinsic IR drop and an 
external voltage applied to the gate, 
or by an external gate voltage alone 
which has the same magnitude as 
the self pinch-off IR drop Vr. In 
any case, channel pinch-off occurs 
when the sum of the intrinsic IR 
drop and the extrinsic gate voltage 
reaches Vr. The ‘pinch-off voltage 
Vr is usually defined as the gate 
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cutoff voltage Va(off) that reduces 
the drain current to one per cent of 
its zero-gate-voltage value at a spe- 
cified drain-to-source voltage (which 
must be the “knee” voltage, point 
B in Fig. 132, of the zero-gate-volt- 
age output characteristic). 

The pinch-off region between 
points B and D in Fig. 132 is the 
region in which MOS transistors are 
especially useful as high-impedance 
voltage amplifiers. In the ohmic re- 
gion between points A and B, the 
linear variation in channel resist- 
ance makes the device useful in 
voltage-controlled resistor applica- 
tions such as the chopper unit at 
the input of some de amplifiers. 

Typical  output-characteristic 
curves for n-channel MOS transis- 
tors are shown in Fig. 133. (For p- 
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Figure 133. Typical output-characteristic 
curves for n-channel MOS transistors. 
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Figure 134. Typical transfer characteristics for n-channel MOS transistors. 


channel transistors, the polarity of 
the voltages and currents is re- 
versed.) In the pinch-off region, the 
dynamic output resistance r.; of the 
transistor may be approximated 
from the slope of the output-charac- 
teristic curve at any given set of 
conditions. 

Typical transfer characteristics 
for n-channel MOS transistors are 
shown in Fig. 134. (Again, polarities 
would be reversed for p-channel de- 
vices.) The threshold voltage shown 
in Fig. 134 is an important param- 
eter for enhancement-type transis- 
tors because it provides a desirable 
region of noise immunity for switch- 
ing applications. 


GENERAL CIRCUIT 
CONFIGURATIONS 


There are three basic single-stage 
amplifier configurations for MOS 
transistors: common-source, com- 
mon-gate, and common-drain. Each 
of these configurations provides cer- 
tain advantages in particular appli- 
cations. 

The common-source arrangement, 
shown in Fig. 135, is most frequently 
used. This configuration provides a 


high input impedance, medium to. 


high output impedance, and voltage 
gain greater than unity. The input 
signal is applied between gate and 
source, and the output signal is 
taken between drain and source. The 
voltage gain without feedback, A, 


for the common-source circuit may 
be determined as follows: 


Lrs Tos Ru 
Tos Af Ru 


where g:s is the gate-to-drain for- 
ward transconductance of the tran- 
sistor, Yos is the common-source 
output resistance, and Rx is the ef- 
fective load resistance. The addition 
of an unbypassed source resistor to 


ne 


Figure 135. Basic common-source circuit 
for MOS field-effect transistors. 


the circuit of Fig. 1385 produces nega- 
tive voltage feedback proportional 
to the output current. The voltage 
gain with feedback, A’, for a com- 
mon-source circuit is given by 


Ltrs Tos Ri 
Tos -+- (£25 Tos si 1) Rs + Ru 


where Rs is the total unbypassed 
source resistance in series with the 
source terminal. The common-source 
output impedance with feedback, Zo, 
is increased by the wunbypassed 
source resistor as follows: 


Lo == Tos of (Zts Tos + 1) Rs 


A’ = 
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The common-drain arrangement, 
shown in Fig. 1386, is also fre- 
quently referred to as a source-fol- 


lower. In this configuration, the in- - 


put impedance is higher than in the 
common-source configuration, the 
output impedance is low, there is no 
polarity reversal between input and 
output, the voltage gain is always 
less than unity, and distortion is 
low. The source-follower is used in 
applications which require reduced 
input-circuit capacitance, down- 
ward impedance transformation, or 
increased input-signal-handling ca- 
pability. The input signal is effec- 
tively injected between gate and 
drain, and the output is taken be- 
tween source and drain. The circuit 
inherently has 100-per-cent negative 


Figure 136. Basic common-drain (or 
source-follower) circuit for MOS transistors. 


voltage feedback; its gain A’ is 


given by 


Rs 


ered L 
Raat cpg 


Because the amplification factor () 
of an MOS transistor is usually much 
greater than unity, the equation for 
gain in the source-follower can be 
simplified as follows: 


A’ = 


Les Rs 


A Lae Lrs Rs 

For example, if it is assumed that 
the gate-to-drain forward transcon- 
ductance g:, is 2000 micromhos 
(2 x 10° mho) and the unbypassed 
source resistance Rs is 500 ohms, 
the stage gain A’ is 0.5. If the same 
source resistance is used with a 
transistor having a transconductance 
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of 10,000 micromhos (1 x 10° mho), 
the stage gain increases to 0.83. 

When the resistor Re is returned 
to ground, as shown in Fig. 136, the 
input resistance R: of the source- 
follower is equal to Re. If Re is re- 
turned to the source terminal, how- 
ever, the effective input resistance 
Ri’ is given by 


& Pieg 
2 je 


where A’ is the voltage amplifica- 
tion of the stage with feedback. For 
example, if Re is one megohm and 
A’ is 9.5, the effective resistance 
Ri’ is two megohms. 

If the load is resistive, the effec- 
tive input capacitance C,’ of the 
source-follower is reduced by the in- 
herent voltage feedback and is 
given by 


Cie Cga ae (1 — A’) Cgs 


where Cga and cz, are the intrinsic 
gate-to-drain and gate-to-source ca- 
pacitances, respectively, of the MOS 
transistor. For example, if a typical 
3N99 transistor having a Cea of 0.3 
picofarad and a c¢,, of 5 picofarads 
is used, and if A’ is equal to 0.5, 
then C,’ is reduced to 2.8 picofarads. 

The effective output resistance 
R.’ of the source-follower stage is 
given by 


Ri’ 


sek Tos Rs 
“(Lee Yos + L) Rs Tos 


where ros is the transistor common- 
source output resistance in ohms. 
For example, if a 3N99 having a 
gate-to-drain forward transconduc- 
tance gr, of 2000 micromhos and a 
common-source output resistance 
Yos Of 7500 ohms is used in a source- 
follower stage with an unbypassed 
source resistance Rs of 500 ohms, the 
effective output resistance R.’ of the 
source-follower stage is 241 ohms. 

The source-follower output ca- 
pacitance C.’ may be expressed as 
follows: 


R.’ 


p ae Va 
Co’ = Cas + Ces Aga 
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where cas and c,; are the intrinsic 


drain-to-source and _ gate-to-source 


capacitances, respectively, of the 
MOS transistor. If A’ is equal to 
0.5 (as assumed for the sample 
input-circuit calculations), C.’ is re- 
duced to the sum of cas and Cgs. 

The common-gate circuit, shown 
in Fig. 137, is used to transform 
from a low input impedance to a 
high output impedance: The input 
impedance of this configuration has 
approximately the same value as the 
output impedance of the source-fol- 
lower circuit. The common-gate cir- 
cuit is also a desirable configuration 


Figure — 


Basic common-gate circuit 
or MOS transistors. 


for high-frequency applications be- 
cause its relatively low voltage gain 
makes neutralization unnecessary in 
most cases. The common-gate volt- 
age gain, A, is given by 


(eivtss + 1) Reo 
(ZQt5 Tos + 1) Re + Tos ar Ru 
where Re is the resistance of the 


input-signal source. For a _ typical 
3N99 MOS transistor (g:. = 2000 


A= 


micromhos,. ros = 7500 ohms) and. 


with Rr = 2000 ohms and Re = 500 
ohms, the common-gate voltage gain 
is 1.8. If the value of Re is doubled, 
the voltage gain is reduced to 1.25. 


APPLICATIONS 


MOS field-effect. transistors have 
_ been used experimentally to perform 
every low-power function in broad- 
cast-band receivers, including rf am- 
plification, conversion,’ 455-kilocycle 
if amplification, and first-stage audio 
amplification. In addition, they have 
been used in FM receivers as rf and 
if amplifiers and limiters. They 
have performed as synchronous de- 


impedance 


plify the 
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tectors, oscillators, frequency multi- 


pliers, and phase splitters. They 
have been used as choppers, pulse 
stretchers, current limiters, voltage- 
controlled attenuators, and electro- 
meter amplifiers. MOS transistors 
have an advantage over bipolar 
transistors and vacuum tubes in 
some of these applications, but are 
less suitable in others. As improve- 
ments are made in_ transconduct- 
ance, frequency response, and noise 
figure, MOS transistors should be- 
come competitive in more applica- 
tions. 

At their present state of develop- 
ment, MOS transistors have an 
equivalent input noise resistance 
which is typically in the range be- 
tween 200,000 ohms and 10 meg- 
ohms at a signal frequency of 1000 
cycles per second. Although this level 
of noise resistance is usually no 
problem when MOS transistors are 
used with high-impedance trans- . 
ducers, it can be a definite disad- 
vantage during operation from low- 
(1000 ohms or less) 
voltage generators. In such appli- 
cations, low-noise bipolar transis- 
tors are still the logical choice. 


Direct-Current Amplifiers 


A direct-current (dc) amplifier 
can amplify signals having a fre- 
quency of zero cycles per second. 
The upper frequency limit of such 
an amplifier may range from a few. 
hundred cycles per second in gen- 
eral-purpose electrometer applica- 
tions to several megacycles 
second in other applications. In gen- 
eral, dc amplifiers are used to am- 
output of transducers 
which produce quantitative infor- 
mation relative to heat, vibration, 
pressure, speed, and distance. 

DC amplifiers may. take several 
different forms, including  single- 
ended input to single-ended output, 
differential input to single-ended 
output, and differential input to dif- 
ferential output. Normally, de am- 
plifiers require direct coupling of all 
stages (no coupling capacitors). In 


per — 
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some versions of de amplifiers, this 
requirement is circumvented by 
conversion of the low- or zero-fre- 
quency input signal into a modulated 
ac signal, amplification of this sig- 
nal by means of capacitor-coupled 
stages, and then demodulation of the 
amplified signal to restore it to 
the original de form. The neces- 
sary modulation may be accom- 
plished by a number of different 
techniques, including _ electrically 
actuated mechanical switches, elec- 
tronic switches, photo-optical 
switches, magnetic modulators, and 
diode bridge modulators. Input de- 
vices which function as switches are 
generally referred to as “choppers” 
because they divide the input signal 
into segments in the form of square 
waves or pulses having an amplitude 
proportional to the amplitude of the 
input signal. 

Single-ended de amplifiers which 
do not employ “choppers” have a 
continuous ohmic current path be- 
tween the input and the output as 
the result of direct coupling of all 
stages (i.e., the omission of all ca- 
pacitive or inductive forms of cou- 
pling). In this configuration, the 
steady-state voltage at the output 
of one stage appears at the input of 
the next stage. In a typical cascade 
arrangement using MOS field-effect 
transistors, the signal progresses 
from the drain of the first unit to 
the gate of the next and so on to the 
last stage, as shown in Fig. 138. 

In general, the ideal MOS tran- 
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sistor for use in a single-ended dc 
amplifier circuit has an optimum 
zero-signal operating point which is 
obtained at a gate voltage having 
the same magnitude as the optimum 
drain voltage and also the same 
polarity. Because enhancement-type 
MOS transistors automatically meet 
the latter requirement and can be 
designed to meet the former require- 
ment, they are generally the logical 
choice for most direct-coupled cir- 
cuits. If other device considerations 
(such as gain, input impedance, 
temperature coefficient, or noise) re- 
quire the use of depletion-type tran- 
sistors, such transistors can be 
direct-coupled by the use of level 
shifting, as shown in Fig. 139. In 
this circuit configuration, the source 
terminal is generally placed at a 
potential equal to or greater than 
the drain-to-source voltage of the 
preceding stage and of an opposite 
polarity. In the arrangement of Fig. 
139, the gate is at a net zero volt- 
age or is reverse-biased relative to 
the source. 

Although the 3N98 and 3N99 MOS 
transistors are not optimized for 
direct-coupled applications, they can 
be used in such circuits because they 
have low gate leakage current (typi- 
cally fractions of a picoampere), 
total input capacitance of about 5 
picofarads, and an appreciable value 
of forward transconductance. In ad- 
dition, tight production control limits 
the spread of drain current between 
individual transistors to a variation 


Figure 138. 


Typical single-ended dc amplifier using n-channel enhancement-type 


MOS transistors. 
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Figure 139. 


DC amplifier circuit in which p-channel depletion-type MOS transistors are 


direct-coupled by use of level shifting. 


of approximately two to one for a 
high degree of interchangeability. 
For a fixed value of supply volt- 
age, there are only three ways to 
increase the stage voltage gain A in 
a single-ended amplifier: (1) use of 
a transistor having a higher ratio of 
gate-to-drain forward transconduct- 
ance g:r, to drain current Ip; (2) use 
of a higher value of load resistance 
Ri (if Rx is less than the common- 
source output resistance rs); and 
(3) use of a transistor having a 
higher value of ros. The load re- 
sistance Rr can only be increased to 
the point where the product of Ip 
and Rx, is equal to approximately 
one-half the supply voltage. In gen- 
eral, the ratio of transconductance 
to drain current increases as drain 
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current is decreased by negative gate 
bias. As a result, the stage voltage 
gain may be increased and power 
consumption decreased at the same 
time. 

The increased voltage gain of an 
MOS transistor at reduced values of 
drain current may be accompanied 
by a relatively large drift in the 
operating point if there are wide ex- 
cursions in ambient temperature. 
Many field-effect transistors have a 
point on their forward-transfer 
characteristic which is relatively in- 


_ sensitive to temperature variations. 


If this point does not coincide with 
the operating point which provides 
the desired voltage gain, a design 
compromise is required. As shown 
in Fig. 140, the zero-temperature- 
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Figure 140. 


Forward-transfer characteristics of MOS transistor at 25°C and —30°C; 


intersection indicates zero-temperature-coefficient operating point. 


coefficient point may be identified by 
measurement of the forward-trans- 
fer characteristic at different am- 
bient temperatures. 


AC Amplifiers 


In most ac amplifiers, coupling be- 
tween stages is accomplished by the 
use of transformers or capacitors 
with chokes or resistors serving as 
the load impedances. Because no 
ohmic path exists between stages in 
such amplifiers, variations in the dc 
operating point of one stage are not 
transferred to, and amplified by, the 
succeeding stage. This property is 
a primary advantage of ac amplifiers 
for instrumentation work, and is the 
basis for the chopper amplifier de- 
scribed earlier, in which a dc signal 
is converted to ac prior to amplifi- 
cation. 

MOS transistors such as the 3N98 
and 3N99 perform very well as ac 
voltage amplifiers because of their 
inherently low feedback capacitance, 
which maintains the total effective 
input capacitance at a relatively low 
value. The Circuits section at the 
back of the Manual includes an ac- 
voltmeter circuit that illustrates the 
type of ac-amplifier performance 
which can be achieved with the 3N99 
MOS transistor. 
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Voltage-Controlled Attenuators 


Because the drain current-voltage 
characteristic of MOS transistors 
remains linear at low drain-to-source 
voltages, these devices can be used 
as low-distortion voltage-controlled 
attenuators. The principal advan- 
tages of MOS transistors in this ap- 
plication are negligible gate-power 
requirements and large dynamic 
range. 

Fig. 141 shows drain resistance as 
a function of gate-to-source voltage 
for a typical n-channel depletion- 
type insulated-gate transistor such 
as the 3N98 or 38N99. Transistors 
having higher pinch-off voltages ac- 
cept correspondingly greater peak 
signal-voltage swings before wave- 
shape distortion occurs. However, 
the higher-pinch-off-voltage transis- 
tors require higher gate-voltage ex- 
cursions to cover the _ resistance 
range from minimum to maximum. 
A typical 3N99 MOS transistor pro- 
duces total harmonic distortion of 
less than two per cent in a 100-milli- 
volt 400-cycle-per-second sine wave. 
Fig. 142 shows an attenuator circuit 
using the 3N99 and the output signal 
of the circuit as a function of gate- 
to-source voltage. 

Figs. 143 to 145 show several pos- 
sible attenuator circuit configura- 
tions which use MOS transistors as 
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Figure 141. 


Drain resistance as a function of gate voltage for typical n-channel 


depletion-type MOS transistor. 
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Figure 142. 


Output signal as a function of gate voltage for 3N99 MOS transistor 


in circuit shown. 


voltage-variable resistors. The cir- 
cuit in Fig. 143 is desirable for use 
at high signal levels because at such 
levels the thermal noise of the one- 
megohm series resistor does not de- 
grade the signal-to-noise ratio of the 
system to an objectionable degree. 
This circuit is a simple L-pad con- 
figuration in which the transistor 
serves as the variable-resistive ele- 
ment in the low side of the attenua- 


tor. The maximum § attenuation 
obtainable is generally between 60 
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Figure 143. Attenuator circuit in which 
MOS transistor serves as variable-resistive 
element in low side. 


and 70 dB; minimum attenuation is 
1 to 2 dB. This circuit must be fol- 
lowed by a high-impedance load 
such aS a common-source amplifier 
stage. 

The circuit shown in Fig. 144 is 
the inverse of that in Fig. 143; i.e., 


the transistor serves as the variable- 
resistive element in the high side of 
the attenuator. Maximum attenua- 
tion in this circuit is also between 
60 and 70 dB; minimum attenuation 
is between 1 and 6 GB. This circuit is 
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Figure 144. Attenuator circuit in which 
MOS transistor serves as variable-resistive 
element in high side. 
usually followed by a low-impedance 
load such as a common-emitter bi- 

polar transistor amplifier stage. 
Fig. 145 shows a method which 
controls both arms of an L-pad at- 
tenuator simultaneously. In this cir- 
cuit, a p-channel enhancement-type 
MOS transistor is used in the upper 
arm and an n-channel depletion-type 
MOS transistor is used in the lower 
arm. When negative voltage is ap- 
plied to the gates, the resistance of 
the n-channel unit increases at the 
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same time that the resistance of the 
p-channel unit decreases. When the 
gate control is at zero volts, the 
drain resistance of Qz2 is about 500 
ohms and that of Q: is about 10 
megohms. Under these conditions, a 
maximum attenuation of approxi- 
mately 86 dB is obtained. When the 
gate control is at —6 volts, the drain 
resistance of Q: is about 10 meg- 
ohms and that of Q: is about 500 
ohms. Under these conditions, the 
attenuation is essentially zero. This 
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L-pad attenuator circuit using 
two MOS transistors. 


circuit must work into a high-im- 
pedance load. 

The following design considera- 
tions are important for effective use 
of MOS field-effect transistors as 
linear attenuators: 

(a) The gate(s) must be ade- 
quately decoupled to prevent the in- 
troduction of unwanted signals. 

(b) The transistor attenuator must 
be inserted at a point in the system 
where the signal level is as high as 
the transistor can accept- without 
excessive distortion. 

(c) In ac systems, the direct-cur- 
rent flow through the transistor must 


be minimized by the use of suitable 


blocking capacitors. 

(d) In ac systems, proper layout 
must be used to minimize stray 
shunt capacitance. 

(e) In ac systems, the effects of 
the capacitive elements of the tran- 
sistor must be considered. 


Chopper Amplifiers 


Chopper amplifiers consist of three 
basic sections. The first section con- 
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verts the low-level input signal into 
a modulated ac signal, the second 
section amplifies this ac signal, and 
the third section demodulates the 
amplified signal. — 

The first section of a chopper am- 
plifier is fundamentally a continu- 
ously operated ON-OFF = switch._ 
Ideally, this switch would have zero 
ON resistance, infinite OFF resist- 
ance, zero shunt capacitance, and 
zero switching time. It would also 
require no driving power and have 
infinite life. In actual practice, it is 
possible to achieve satisfactory per- 


Sot formance with a switch that does 


not have these ideal characteristics. 
The two basic circuit configura- 
tions for chopping are the series 
chopper and the shunt chopper. The 
shunt chopper is the more popular 
of the two because it can be capaci- 
tively coupled to an ac amplifier 
without the need for either a choke 
or a transformer. The series chopper 
has the disadvantage that it re- 
quires a de return path for the input 
current. This path can be provided 
by an additional resistor at the ex- 
pense of over-all circuit efficiency. 
The basic series chopper circuit 
using an MOS transistor is shown 
in Fig. 146. This circuit has the 
characteristics of a simple L-pad 
attenuator in which the transistor 
is the variable series resistor. In the 


AC 
CARRIER 
Basic series chopper circuit 
using an MOS transistor. 


Figure 146. 


ON condition, the value of the dec 
return resistance Rs must be large 
compared to the load resistance Ri 
to minimize resistive losses; Rr, in 
turn, must be large compared to the 
intrinsic drain resistance ra(ON) so 
that the voltage Vx across the load 
approaches the value of the de input 
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voltage Ve. In the OFF condition, 


the de return resistance Rs must be 
small compared to ra(OFF). Because 
of these restrictions, the _ series 
chopper is seldom used except when 
the fixed resistance Rs can be made 
variable by replacing it with a shunt 
chopper arranged to be OFF when 
the series chopper is ON, and vice 
versa. 

Fig. 147 shows a shunt chopper 
circuit using an MOS transistor. In 
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Figure 147. Basic shunt chopper circuit 

using an MOS transistor. 


this circuit, the intrinsic drain re- 
sistance ra of the transistor must be 
small compared to the load resist- 
ance Rx in the ON condition, but 
must be large compared to the fixed 
series resistance Rp in the OFF con- 
dition. The requirement for ra(ON) 
to have a very small value is mini- 
mized if Rx is the high input im- 
pedance of an MO¢F transistor 
amplifier stage. Because of their 
high ON-to-OFF resistance ratio, 
negligible gate-leakage currents, and 
low feedthrough capacitance, MOS 
transistors such as the 3N98 and 


Rn Im 


0.01 0.1 I 


Figure 148. 
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3N99 considerably improve the level 
of solid-state chopper performance. 


RF Amplifiers 


The important parameters of de- 
vices for rf-amplifier applications 
include noise figure, power gain, and 
cross-modulation, among others. 

In communication receivers, the 
noise figure of the rf stage de- 
termines the absolute selectivity of 
the receiver and is, therefore, one 
of the most important characteris- 
tics of the device used in the rf stage. 
In practical rf-amplifier circuits us- 
ing MOS transistors, the best pos- 
sible noise figures are obtained when 
the input impedance of the transistor 
is slightly mismatched to that of 
the source. With this technique, 
noise figures as low as 1.9 dB have 
been obtained. 

Fig. 148 shows the input noise re- 
sistance Rn of typical MOS transis- 
tors as a function of frequency. In 
the region where the curves differ, 
the noise for n-channel MOS units 
closely resembles “shot noise”, i.e., 
the equivalent noise current I., in- 
creases linearly with direct current, 
rather than with the square root of 
the direct current as in the case of 
thermal noise. Noise figures of 2 to 
4 dB appear practical for MOS tran- 
sistors operating in the vhf range. 

The power gain of an rf transis- 
tor must be sufficient to overcome the 
noise level of preceding stages. Al- 
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Input noise resistance Rn of MOS transistors as a function of frequency. 
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though maximum theoretical power 
gain cannot be achieved in practical 
circuits, the gain of MOS transistors 
at high frequencies closely approxi- 
mates the theoretical limit except 
for some losses in the input and out- 
put matching circuits. 


Power gain is essentially inde- 
pendent of channel width, which is 
a determining factor in the size of 
MOS transistors. For example, if 
the width of the transistor is re- 
duced by one half (and the de drain 
current is similarly reduced to main- 
tain a constant current density in the 
device), power gain remains the 
same because the transconductance, 
the input conductance, and the out- 
put conductance are all reduced by 
one half. Consequently, the fre- 
quency capability of MOS transis- 
tors can be increased by a reduction 
in their size. Size control can also be 
used to facilitate impedance match- 
ing at both input and output termi- 
nals in practical circuits. 


Cross-modulation distortion is pro- 
duced when an undesired signal 
within the pass band of the receiver 
input circuit modulates the carrier 
of the desired signal. Such distor- 
tion occurs when third- and higher- 
odd-order nonlinearities are present 
in an rf-amplifier stage. To measure 
cross-modulation distortion, it is 
necessary to determine the ampli- 
tude of the undesired signal which 
transfers one per cent of its modu- 
lation to the desired signal. In most 
eases, a value of 100 millivolts or 
more over the complete age range 
is considered good. The cross-modu- 
lation characteristics of MOS tran- 
sistors are as good as those of 
bipolar transistors in the _ high- 
attenuation region, and are as much 
as ten times better in the low- 
attenuation region (when the in- 
coming signal is weak). This low 
cross-modulation distortion should 
ultimately lead to extensive use of 
MOS transistors in the rf stages of 
all types of communications re- 
‘ceivers. 


Another feature of MOS transis- 
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tors for rf applications is their 
burn-out protection. Because of their 
insulated gate, MOS units can be de- 
signed to withstand 50 to 100 volts 
at the input and still maintain ex- 
cellent frequency response. In addi- 
tion, MOS transistors designed for 
forward-bias operation have a re- 
mote cutoff characteristic and there- 
fore have improved dynamic range. 


There are three areas that must 
be considered in the design of rf cir- 
cuits using MOS transistors: (1) 
output selectivity, (2) input and - 
output matching, and (3) rf-stage 
neutralization. The first two areas 
are filter-design problems to which 
there are numerous solutions. The 
neutralization requirement can also 
be satisfied in many ways. Some of 
the more popular circuit techniques 
are shown in Fig. 149. 


In the circuit of Fig. 149a, capaci- 
tor C+ represents the internal feed- 
back capacitance of the MOS tran- 
sistor amplifier A. An inverted out- 
put signal from the secondary of 
the transformer is fed back through 
a neutralization capacitance Cu. This 
feedback signal cancels the signal 
feedback through the internal path 
Cz. 


The circuits in Fig. 149b, c, and 
d are best explained by bridge-type 
circuit models. In Fig. 149b, the ad- 
ditional capacitors C, and Cx form 
a capacitance bridge with C: and 
the output (drain) capacitance Cp. 
Thus, when the bridge is balanced 
so that C.iCp equals CxC:, zero sig- 
nal appears at the input for any 
value of EK. at the output, i.e., the 
amplifier is neutralized. In Fig. 149c, 
a capacitive bridge can be formed 
by use of the input (gate) capaci- 
tance instead of the output capaci- 
tance; Cn, and Cx are added to form 
a bridge with Cz: and Ce. In the bal- 
anced state, CiCc equals C:rC. and 
the amplifier is neutralized. An in- 
ductance-capacitance bridge can be 
formed by inductors Li and Ls in 
Fig. 149d. When LiCy equals L:C:, 
the amplifier is neutralized. 

A typical neutralized rf amplifier 
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Figure 149. Some suitable neutralizing techniques for MOS rf circuits. 


circuit using the 3N99 MOS transis- 
tor is shown in Fig. 150. The 3N99 
is intended for operation at frequen- 
cies up to 60 megacycles per second, 
although it has useful response well 
beyond this value. Typically its for- 
ward transconductance g;:, does not 
drop 3 dB until approximately 150 
megacycles per second. The stage 
shown in Fig. 150 has a typical 
power gain of 10 to 18 dB at 60 
megacycles per second. Cross-modu- 
lation typically is less than one per 
cent for interfering signal voltages 
up to 200 millivolts. 


Logic Circuits 


Enhancement-type MOS. transis- 
tors are well suited for digital-type 


NEUTRALIZING 
CAPACITOR 


RF 
INPUT 


AGC 


Figure 150. 


logic-circuit applications because di- 
rect-coupled signal inversion is pos- 
sible without the need for level 
shifting between stages. An im- 
portant consideration for MOS logic 
circuits is the relationship between 
the saturation voltage Vp(sat) and 
the threshold voltage Vra of the 
transistor. For direct coupling, 
Vp(sat) must be smaller than Vrs. 
It is relatively easy to design en- 
hancement-type MOS _ transistors 
which meet this requirement. 


Fig. 151 shows a simple NOR = 


logic gate consisting of two MOS 


transistors and a single load resis- ~~ 


tor. The inputs X and Y are consid- | 
ered to be LOW if the voltage is less 
than Vrx, and HIGH if the voltage 


- RF 
Se. OUTPUT 


Voo ' 


Typical 60-Mc/s rf-amplifier stage using 3N99 transistor. 
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is greater than Veo. If both inputs 
are LOW, both MOS transistors are 
cut off and the output voltage is 


Figure 151. 


Simple NOR logic gate using 
MOS transistors. 
HIGH (essentially the supply volt- 
age V) because there is negligible 
current in the load resistor Rx. If 
either or both inputs are HIGH, the 
current produced causes the output 
voltage to drop to the level of 
Vv(sat), and the output is LOW. If 
a binary “1” is assigned to the 
HIGH level and a binary “0” to 
the LOW level, the gate performs 
the NOR function. 

If all the conductivity types in an 
MOS transistor are reversed, the re- 


sulting device is “complementary” in |. 


characteristics to the original device. 
Thus, n-channel MOS devices are re- 
lated to p-channel MOS devices in 
the same way that p-n-p transistors 
are related to n-p-n transistors. Cir- 
cuits using both types of MOS de- 
vices have demonstrated many per- 
formance advantages. 

Fig. 152 shows a simple com- 
plementary inverter circuit using 
p-channel and n-channel MOS tran- 
sistors. When the input voltage to 
the circuit is zero, the n-channel 
unit is cut off and the p-channel unit 
is forward-biased by V volts. The 
p-channel unit is capable of supply- 
ing several milliamperes of current. 
The n-channel unit, however, will 
draw only its channel leakage cur- 
rent, which is typically a few micro- 
amperes. Because the load for the 
circuit is assumed to be other MOS 
gates, which have a high input im- 
pedance and require negligible driv- 


RCA Transistor Manual 


ing current, there is no dc load 
current under these conditions. 
When the input voltage is V volts, 
however, the situation is reversed; 
the p-channel unit is cut off and the 
n-channel unit is forward-biased by 
V volts. The n-channel unit is then 
capable of drawing a current of sev- 
eral milliamperes. However, because 
the only source available is the leak- 
age current of the p-channel unit, 
the current drawn by the n-channel 
unit is still negligible. In either of 
its stable states, therefore, the in- 
verter draws only a leakage current 
from the supply. On any transition, 
however, the circuit can provide a 
current of several milliamperes to 
charge or discharge capacitive loads 


@has 


Figure 152. Complementary inverter circuit 
using MOS transistors. 


such as those presented by MOS 
gates and wiring. Fig. 153 shows in 
graphical form the operation of the 
inverter circuit in its two dc states. 


HANDLING 
CONSIDERATIONS 


Performance of MOS transistors 
depends on the relative perfection 
of a very thin insulating layer be- 
tween the control electrode (gate) 
and the active channel. If this layer 
is punctured by inadvertent appli- 
cation of excess voltage to the ex- 
ternal gate connection, the damage 
is irreversible. If the damaged area 
is small enough, the additional leak- 
age may not be noticed in most 
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Vos 
Figure 153. Characteristics of inverter circuit of Figure 152 in its two stable states. 


applications. However, greater dam- 
age may degrade the device to the 
leakage levels associated with junc- 
tion-gate-type field-effect transis- 
tors. It is very important, therefore, 
that appropriate precautions be 
taken to insure that MOS transistor 
gate-voltage ratings are not ex- 
ceeded. 

Static electricity represents the 
greatest threat to the gate insula- 
tion in MOS transistors. A large 
electrostatic charge can accumulate 
on the gate electrode if the transis- 
tor is allowed to slide around in 
plastic containers or if the leads are 
brushed against fabrics such as silk 
or nylon. This type of charge ac- 
cumulation can be avoided com- 
pletely by wrapping the leads in 
conductive foils, by use of conduc- 
tive containers, or by otherwise 
electrically interconnecting the leads 
when the transistors are being trans- 
ported. 

A second cause of electrostatic 
charge damage to the gate insula- 
tion can be traced to the people who 
handle the transistors. At relative 
humidity levels of 35 per cent, a 
person may accumulate an electro- 
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"ON" P-CHANNEL OUTPUT 
CHARACTERISTIC 


"OFF" N- CHANNEL OUTPUT 
CHARACTERISTIC 


Vos 


static potential of 300 volts. If such 
a “charged” person grasps an MOS 
transistor by the case and plugs it 
into a piece of test equipment, or in 
any other way causes the gate lead 
to contact “ground” before the other 
leads, there is a good chance that 
the accumulated electrostatic charge 
may break down the gate insula- 
tion. The best way to prevent this 
type of damage is to use a simple 
electrostatic grounding strap dur- 
ing all handling of MOS transistors. 
Such a grounding strap may have an 
impedance to ground of several meg- 
ohms and still accomplish the pri- 
mary purpose of “leaking off” static 
electricity. 

In most applications, associated 
circuit impedances are low enough 
to prevent any accumulation of elec- 
trostatic charge. Thus, although the 
gate insulation may be damaged by 
improper handling of MOS transis- 
tors before they are connected into 
actual circuits, thousands of hours 
of operation under practical circuit 
conditions have shown that the gate 
insulation is quite reliable under 
long-term stress within published 
ratings. 
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Transistor Mounting, 


Testing, and Reliability 


HIS section covers installation 

suggestions and precautions 
which are generally applicable to all 
types of transistors. Careful observ- 
ance of these suggestions will help 
experimenters and technicians to ob- 
tain the best results from semi- 
conductor devices and circuits. 


ELECTRICAL CONNECTIONS 


The collector, base, and emitter 
terminals of transistors can be con- 
nected to associated circuit elements 
by means of sockets, clips, or solder 
connections to the leads or pins. If 
connections are soldered close to the 
lead or pin seals, care must be taken 
to conduct excessive heat away from 
the seals, otherwise the heat of the 
soldering operation may crack the 
glass seals and damage the tran- 
sistor. When dip soldering is em- 
ployed in the assembly of printed 
circuits using transistors, the tem- 
perature of the solder should be 
limited to about 225 to 250 degrees 
centigrade for a maximum immersion 
period of 10 seconds. Furthermore, 
the leads should not be dip-soldered 
too close to the transistor case. Under 
no circumstances should the mount- 
ing flange of a transistor be soldered 
to a heat sink because the heat of 
the soldering operation may perma- 
nently damage the transistor. 

When the metal case of a transis- 
tor is connected internally to the 
collector, the case operates at the col- 
lector voltage. If the case is to oper- 


ate at a voltage appreciably above 
or below ground potential, considera- 
tion must be given to the possibility 
of shock hazard and suitable precau- 
tionary measures taken. 


TESTING 


A quick check can be made of tran- 
sistors prior to their installation in 
a circuit by resistance measurements 
with an electronic voltmeter (such as 
a VoltOhmyst*). Resistance between 
any two electrodes should be very 
high (more than 10,000 ohms) in 
one direction, and considerably lower 
in the other direction (100 ohms or 
less between emitter and base or col- 
lector and base; about 1000 ohms 
between emitter and collector). It is 
very important to limit the amount 
of voltage used in such tests (par- | 
ticularly between emitter and base) 
so that the breakdown voltages of 
the transistor will not be exceeded; 
otherwise the transistor may be dam- 
aged by excessive currents. . 


TRANSIENT EFFECTS 


Unlike. other active and passive 
components, transistors are some- 
times extremely sensitive to even 
small changes in their surroundings. 
As a result, it is necessary to pro- 
tect these devices from such effects 
as static charges, temperature varia- 
tions, and rf fields both during shelf 
storage and in actual operation. 

The generation of static charge in 
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dry weather is harmful to all tran- 
sistors, and can cause permanent 
damage or catastrophic failure in 
the case of high-speed devices and 
MOS field-effect transistors. The 
most obvious precaution against such 
damage is humidity control in stor- 
age and operating areas. In addi- 
tion, it is desirable that transistors 
be stored and transported in metal 
trays rather than in polystyrene 
foam “snow”. During testing and 
installation, both the equipment and 
the operator should be grounded, 
and all power should be turned off 
when the device is inserted into the 
socket. Grounded plates may also 
be used for stockpiling of transis- 
tors prior to or after testing, or for 
use in testing ovens or on operating 
life racks. Further protection against 
static charges can be provided by 
use of partially conducting floor 
planes and non-insulating footwear 
for all personnel. 

Environmental temperature also 
affects performance. Variations of as 
little as 5 per cent can cause changes 
of as much as 50 per cent in the 
saturation current of a transistor. 
Some test operators can cause 
marked changes in measurements of 
saturation current because the heat 
of their hands affects the transistors 
they work on. Precautions against 
temperature effects include _air- 
conditioning systems, use of finger 
cots in handling of transistors (or 
use of pliers or “plug-in boards’ to 
eliminate handling), and accurate 
monitoring and control of tempera- 
ture near the devices. Prior to test- 
ing, it is also desirable to allow 
sufficient time (about 5 minutes) for 
a transistor to stabilize if it has been 
subjected to temperature much 
higher or lower than normal room 
temperature (25°C). 

Although transient rf fields are 
not usually of sufficient magnitude 
to cause permanent damage to tran- 
sistors, they can interfere with ac- 
curate measurement of characteris- 
tics at very low signal levels or at 
high frequencies. For this reason, 
it is desirable to check for such 
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radiation periodically and to elimi- 
nate its causes. In addition, sensitive 
measurements should be made in 
shielded screen rooms if possible. 
Care must also be taken to avoid 
the exposure of transistors to other 
ac or magnetic fields. 

Many transistor characteristics are 
sensitive to variations in tempera- 
ture, and may change enough at high 
operating temperatures to affect cir- 
cuit performance. Fig. 154 illustrates 
the effect of increasing temperature 
on the common-emitter forward cur- 
rent-transfer ratio (beta), the de 
collector-cutoff current, and the in- 
put and output impedances. To avoid 
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Figure 154. Variation of transistor char- 
acteristics with temperature. 


undesired changes in circuit opera- 
tion, it is recommended that tran- 
sistors be located away from heat 
sources in equipment, and also that 
provisions be made for adequate heat 


dissipation and, if necessary, for 


temperature compensation. 


HEAT SINKS 


In some transistors, the collector 
electrode is connected internally to 
the metal case to improve heat-dis- 
sipation capabilities. More efficient 
cooling of the collector junction in 
these transistors can be accomplished 
by connection of the case to a heat 
sink. Direct connection of the case 
to a metal surface is practical only 
when a grounded-collector circuit is 
used. For other configurations, the 
collector is electrically isolated from 
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the chassis or heat sink by means of 
an insulator that has good thermal 
conductivity. 

For small general-purpose tran- 
sistors such as the 2N2102, which 
use a JEDEC TO-5 package, a good 
thermal method of. isolating the 
collector from a metal chassis or 
printed circuit board is by means of 
a beryllium oxide washer. The use 
of a zinc-oxide-filled silicone com- 
pound between the washer and the 
chassis, together with a moderate 
amount of pressure from the top of 
the transistor, helps to improve 
thermal dissipation. If the transistor 
is mounted within a heat sink, a 
beryllium cup should also be used 
between the device and the heat sink. 
Fig. 155 illustrates both types of 
mounting. Fin-type heat sinks, which 
are commercially available, are also 
suitable, especially when transistors 
are mounted in Teflon sockets which 
provide no thermal conduction to the 
chassis or printed circuit board. 


CASE 


SILICONE 
GREASE 


BeO WASHER 


CHASSIS 


HEAT SINK 


BeO CUP 


CHASSIS 


BeO WASHER 


Figure 155. Suggested mounting arrange- 
ments for transistors having a JEDEC 
TO-5 package. 

For power transistors which use 
a JEDEC TO-8 package, such as the 
2N1483, it is recommended that a 
0.002-inch mica insulator or an ano- 
dized aluminum insulator having 
high thermal conductivity be used 
between the transistor base and the 
heat sink or chassis. The insulator 
should extend beyond the mounting 
clamp, as shown in Fig. 156. It 
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Figure 156. Suggested mounting arrange- 
ment for power transistors. 


should be drilled or punched to pro- 
vide both the two mounting holes 
and the clearance holes for the col- 
lector, emitter, and base pins. Burrs 
should be removed from both the 


- insulator and the holes in the chassis 


so that the insulating layer will not 
be destroyed during mounting. It is 
also recommended that a fiber 
washer be used between the mount- 
ing bolt and the chassis, as shown 
in Fig. 156, to prevent a short cir- 
cuit between them. 

For large power transistors such 
as the 2N2876 which use a double- 
ended stud package, connection to 
the chassis or heat sink should be 
made at the flat surface of the tran- 
sistor perpendicular to the threaded 
stud. A large mating surface should 
be provided to avoid hot spots and 
high thermal drop. The hole for the 
stud should be only as large as neces- 
sary for clearance, and should con- 
tain no burrs or ridges on its perim- 
eter. As mentioned above, the use of 
a silicon grease between the heat 
sink and the transistor improves 
thermal contact. The transistor can 
be screwed directly into the heat 
sink or can be fastened by means of 
a nut. In either case, care must be 
taken to avoid the application of too 
much torque lest the transistor semi- 
conductor junction be damaged. Al- 
though the studs are made of rela- 
tively soft copper to provide high 
thermal conductivity, the threads 
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should not be relied upon to provide 
a mating surface. The actual heat 
transfer must take place on the 
underside of the hexagonal part of 
the package. | 

Mounting hardware is_ supplied 
with many RCA semiconductor de- 
vices. A listing of such hardware is 
included at the end of the Outlines 
section. 

The use of an external resistance 
in the emitter or collector circuit of 
a transistor is an effective deterrent 
to damage which might be caused 
by thermal runaway. The minimum 
value of this resistance for low-level 
stages may be obtained from the 
following equation: 


Baa ec 
min 4 (P. 3) 


where E is the dc collector supply 
voltage in volts, Po is the product of 
the collector-to-emitter voltage and 
the collector current at the desired 
operating point in watts, and K is 
the thermal resistance of the tran- 
sistor and heat sink in degrees cen- 
tigrade per watt. 


R 


SHIELDING 


In high-frequency stages having 
high gain, undesired feedback may 
occur and produce harmful effects on 
circuit performance unless shielding 
is used. The output circuit of each 
stage is usually shielded from the 
input of the stage, and each high- 
frequency stage is usually shielded 
from other high-frequency stages. It 
is also desirable to shield separately 
each unit of the high-frequency 
stages. For example, each if and rf 
coil in a superheterodyne receiver 
may be mounted in a separate shield 
can. Baffle plates may be mounted 
on the ganged tuning capacitor to 
shield each section of the capacitor 
from the other section. 

The shielding precautions required 
in a circuit depend on the design of 
the circuit and the layout of the 
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parts. When the metal case of a 
transistor is grounded at the socket 
terminal, the grounding connection 
should be as short as possible to min- 
imize lead inductance. Many transis- 
tors have a separate lead connected 
to the case and used as a ground 
lead; where present, these leads are 
indicated in the outline diagrams. 


HIGH-FREQUENCY 
CONSIDERATIONS 


At frequencies of 100 megacycles 
per second or more, the effects of 
stray capacitances and inductances, 
ground paths, and feedback coupling 
have a pronounced effect on the gain 
and power-output capabilities of 
transistors. As a result, physical as- _ 
pects such as layout, type of chassis, 
shielding, and heat-sink considera- 
tions are important in the design of 
high-frequency amplifiers and os- 
cillators. 

In general, high-frequency circuits 
are constructed on material such as 
brass or aluminum which is either 
silver-plated or machined to increase 
conductivity. The input and output 
circuits are “compartmentalized” by 
use of a milling operation. Copper- — 
clad laminated or printed circuit 
boards facilitate soldering opera- 
tions, and have been used satisfac-_ 
torily at frequencies up to 400 
megacycles per second when the en- 
tire copper surface was kept intact 
and used for the ground plane. 

Because even a short lead pro- 
vides a large impedance at high fre- 
quencies, it is necessary to keep all 
high-frequency leads as short as pos- 
sible. This precaution is especially 
important for ground connections 
and for all connections to bypass ca- 
pacitors and high-frequency filter 
capacitors. It is recommended that 
a common ground return be used for 
each stage, and that short, direct 
connections be made to the common 
ground point. The emitter lead es- 
pecially should be kept as short as 
possible. 

In many cases, problems of oscil- 
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lation and regenerative feedback are 
caused by unwanted ground currents 
(i.e., ground-circuit feedback cur- 
rents). An effective solution is to 
isolate the ac signal path from the 
de path so that the signal does not 
pass through the power supply by 
way of the power leads. In a multi- 
stage amplifier, the power leads 
should enter the circuit at the high- 
est power stage to minimize the 
amount of signal on the common 
power path. Lower-frequency oscil- 
lations can be minimized by use of 
a large capacitor across the power- 
supply terminals. High-quality feed- 
through capacitors should also be 
used as the power-lead connections. 

Particular care should be taken 
with the lead dress of the input and 
output circuits of high-frequency 
stages so that the possibility of stray 
coupling is minimized. Unshielded 
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leads connected to shielded compo- 
nents should be dressed close to the 
chassis. (In high-gain audio ampli- 
fiers, these same precautions should 
be taken to minimize the possibility 
of self-oscillation.) 


FILTERS 


Feedback effects may occur in ra- 
dio or television receivers as a result 
of coupling between stages through 
common voltage-supply circuits. Fil- 


ters find an important use in mini- 


mizing such effects. They should be 
placed in voltage-supply leads to 
each transistor to provide isolation 
between stages. 

Capacitors used in transistor rf 
circuits, particularly at high frequen- 
cies, should be mica or ceramic. For 
audio bypassing, electrolytic capaci- 
tors are required. 
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Interpretation of Data 


HE technical data for RCA tran- 

sistors given in the following sec- 
tion include ratings, characteristics, 
typical operation values, and char- 
acteristic curves. Unless otherwise 
specified, voltages and currents are 
de values, and values are obtained 
at an ambient temperature of 25°C. 

Ratings are established for semi- 
conductor devices to help equipment 
designers utilize the performance 
and service capabilities of each type 
to the best advantage. These ratings 
are based on careful study and ex- 
tensive testing, and indicate limits 
within which the specified character- 
istics must be maintained to ensure 
satisfactory performance. The maxi- 
mum ratings given for the semi- 
conductor devices included in this 
Manual are based on the Absolute 
Maximum system. This system has 
been defined by the Joint Electron De- 
vice Engineering Council (JEDEC) 
and standardized by the National 
Electrical Manufacturers Association 
(NEMA) and the Electronic Indus- 
tries Association (EIA). 

Absolute-maximum ratings are 
limiting values of operating and en- 
vironmental conditions which should 
not be exceeded by any device of a 
specified type under any condition of 
operation. Effective use of these 
ratings requires close control of 
supply-voltage variations, component 
variations, equipment-control adjust- 
ment, load variations, signal varia- 
tions, and environmental conditions. 

Electrode voltage and current rat- 
ings for transistors are in general 
self-explanatory, but a brief explana- 
tion of some ratings will aid in the 
understanding and interpretation of 
transistor data. 

Voltage ratings are established 


with reference to a specified elec- 
trode (e.g., collector-to-emitter volt- 
age), and indicate the maximum 
potential which can be placed across 
the two given electrodes before erys- 
tal breakdown occurs. These ratings 
may be specified with the third elec- 
trode open, or with specific bias volt- 
ages or external resistances. 

Transistor dissipation is the power 
dissipated in the form of heat by the 
collector. It is the difference between 
the power supplied to the collector 
and the power delivered by the tran- 
sistor to the load. Because of the 
sensitivity of semiconductor mate- 
rials to variations in thermal condi- 
tions, maximum dissipation ratings 
are usually given for specific tem- 
perature conditions. 

For many types, the maximum 
value of transistor dissipation is spec- 
ified for ambient, case, or mounting- 
flange temperatures up to 25 degrees 
centigrade, and must be reduced 
linearly for higher temperatures. For 
such types, Fig. 157 can be used to 
determine maximum permissible dis- 
sipation values at particular tem- 
perature conditions above 25 degrees 
centigrade. (This figure cannot be 
assumed to apply to types other than 
those for which it is specified in the 
data section.) The curves show the 
permissible percentage of the maxi- 
mum dissipation ratings as a func- 
tion of ambient or case temperature. 
Individual curves are plotted for 
maximum operating temperatures of 
50, 55, 71, 80, 85, 100, 125, 175, and 
200 degrees centigrade. If the maxi- 
mum operating temperature of a 
transistor type is some other value, 
a new curve can be drawn from 
point A in the figure to the desired 
temperature value on the abscissa. 
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PERMISSIBLE DISSIPATION — 
PER CENT OF MAXIMUM RATING 
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Figure 157. Chart showing maximum _ permissible percentage of maximum rated 
dissipation as a function of temperature. 


To use the chart, it is necessary to 
know the maximum dissipation rat- 
ing and the maximum operating tem- 
perature for a given transistor. The 
calculation involves only two steps: 

1. A vertical line is drawn at the 
desired operating temperature value 
on the abscissa to intersect the curve 
representing the maximum operating 
temperature for the transistor. 

2. A horizontal line drawn from 
this intersection point to the ordi- 
nate establishes the permissible per- 
centage of the maximum dissipation 
at the given temperature. 

The following example illustrates 
the calculation of the maximum per- 
missible dissipation for transistor 
type 2N1490 at a case temperature 
of 100 degrees centigrade. This type 
has a maximum dissipation rating of 
75 watts at a case temperature of 25 
degrees centigrade, and a maximum 
permissible case-temperature rating 
of 200 degrees centigrade. 

1. A perpendicular line is drawn 
from the 100-degree point on the 
abscissa to the 200-degree curve. 

2. Projection of this point to the 
ordinate shows a percentage of 57.5. 


Therefore, the maximum permis- 
sible dissipation for the 2N1490 at 
a case temperature of 100 degrees 
centigrade is 0.575 times 75, or ap- 
proximately 48 watts. 

Semiconductor devices require 
close control of thermal variations 
not only during operation, but also 
during storage. For this reason, the 
maximum ratings for transistors 
usually include a maximum permis- 
sible storage temperature, as well as 
a maximum operating temperature. 

Characteristics are covered in the 
Transistor Characteristics section, 
and such data should be interpreted 
in accordance with the definitions 
given in that section. Characteristic 
curves represent the characteristics 
of an average transistor. Individual 
transistors, like any manufactured 
product, may have characteristics 
that range above or below the values 
given in the characteristic curves. 
Although some curves are extended 
beyond the maximum ratings of the 
transistor, this extension has been 
made only for convenience in calcula- 
tions; no transistor should be oper- 
ated outside of its maximum ratings. 
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Transistor Symbols 


pened transistor symbols have 
not yet been _— standardized 
throughout the industry, many sym- 
bols have become fairly well es- 
tablished by common usage. The 
transistor symbols used in this 
Manual are listed and defined in this 
section. 


GENERAL SEMICONDUCTOR 


SYMBOLS 

df duty factor 

n efficiency (eta) 

NF noise figure 

i temperature 

Ta ambient temperature 

Tc - ease temperature 

Ts junction temperature 

Tur mounting-flange temper- 
ature 

T ste storage temperature 

e thermal resistance 

Os_4 thermal resistance, junc- 
tion-to-ambient 

95-6 thermal resistance, junc- 
tion-to-case 

O3_ur thermal resistance, junc- 
tion-to-mounting-flange 

ta delay time 

ta +t: turn-on time 

te fall time 

ts pulse time 

te rise time 

t3 storage time 

ts + tr turn-off time 

T time constant (tau) 

Ts saturation stored-charge 


time constant 


TRANSISTOR SYMBOLS 


Ove collector-to-base feed- 
back capacitance 


fare 


fr 


me 


Gres 


Gop 


Grz 


Gpe 


hrs 


collector-to-case capaci- 
tance 

collector-to-base feed- 
back capacitance 

input capacitance, open 
circuit (common base) 
input capacitance, open 
circuit (common emitter) 
output capacitance, open 
circuit (common base) 
output capacitance, open 
circuit (common emitter) 
second-breakdown energy 
cutoff frequency 
small-signal forward- 
current transfer-ratio 
cutoff frequency, short- 
circuit (common. base) 
small-signal forward- 
current transfer-ratio 
cutoff frequency, short- 
circuit (common emitter) 
gain-bandwidth product 
(frequency at which 
small-signal forward- 
current transfer ratio, 
common emitter, extra- 
polates to unity) 
small-signal  transcon- 
ductance (common emit- 
ter) 

large-signal average 
power gain (common 
base) 

small-signal average 
power gain (common 
base) 

large-signal average 
power gain (common 
emitter) 

small-signal average 
power gain (common 
emitter) 

static forward-current 
transfer ratio (common 
base) 
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hrn 


hee 


Icuy 


Icrx 


small-signal forward- 
current transfer ratio, 
short circuit (common 
base) 

static forward-current 
transfer ratio (common 
emitter) 

small-signal forward- 
current transfer ratio, 
short circuit (common 
emitter) 

small-signal input im- 
pedance, short circuit 
(common base) 

static input resistance 
(common emitter) 
small-signal input = im- 
pedance, short circuit 
(common emitter) 
small-signal output im- 
pedance, open _ circuit 
(common base) 
small-signal output im- 
pedance, open circuit 
(common emitter) 
small-signal reverse- 
voltage transfer ratio, 
open circuit (common 
base) 
small-signal reverse- 
voltage transfer ratio, 
open circuit (common 
emitter) 

base current 

turn-on current 

turn-off current 
collector current 
collector current, instan- 
taneous value 
collector-cutoff current 


collector-cutoff current, 
emitter open 
collector-cutoff current, 
base open 

collector-cutoff current, 


specified resistance be- 
tween base and emitter 
collector-cutoff current, 
base short-circuited to 
emitter 

collector-cutoff current, 
specified voltage be- 
tween base and emitter 
collector-cutoff current, 
specified circuit between 
base and emitter 


PBr 


Pcs 


Por 


Qs 
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switching current (at 
minimum hysz per spe- 
cification) 
emitter current 
emitter-cutoff 
collector open 
second-breakdown collec- 
tor current 

maximum available am- 
plifier gain 

maximum available con- 
version gain 

maximum usable ampli- 
fier gain 

total de or average power 
input to base (common 
emitter) 

total instantaneous power 
input to base (common 
emitter) 

total de or average power 
input to collector (com- 
mon base) 

total instantaneous power 
input to collector (com- 
mon base) 

total de or average power 
input to collector (com- 
mon emitter) 

total instantaneous power 
input to collector (com- 
mon emitter) 

total de or average power 
input to emitter (com- 
mon base) 

total instantaneous power 
input to emitter (com- 
mon base) 

large-signal input power 
(common base) 
small-signal input power 
(common base) 
large-signal input power 
(common emitter) 
small-signal input power 
(common emitter) 
large-signaloutput power 


current, 


_(common base) 


small-signal outputpower 
(common base) 
large-signaloutput power 
(common emitter) 
small-signaloutput power 
(common emitter) 
stored base charge 


Transistor Symbols 


You(sat) 


Re(hie) 


Re 
Rie 


Vex 


Vsrczo 
Vercxo 


Vsrcer 
Vsr)cxs 
V wer)cev 


Vor) EBO 


Ven (fl) 


Veso 
Vesyv 


Veo 
Ven 


collector-to-emitter satu- 
ration resistance 

real part of small-signal 
input impedance, short 
circuit (common emitter) 
generator resistance 
input resistance (com- 
mon emitter) 

load resistance 

output resistance (com- 
mon emitter) 

source resistance 
base-supply voltage 
base-to-collector voltage 
base-to-emitter voltage 
collector-to-base break- 
down voltage, emitter 
open 

collector - to - emitter 
breakdown voltage, base 
open . 
collector. - to - emitter 
breakdown voltage, spe- 
cified resistance between 
base and emitter 
collector - to - emitter 
breakdown voltage, base 
short-circuited to emit- 
ter 

collector - to - emitter 
breakdown voltage, spe- 
cified voltage between 
base and emitter 
emitter-to-base 
down voltage, 
open 
collector-to-base voltage 
de open-circuit voltage 
between collector and 
base (floating potential), 
emitter biased with re- 
spect to base 

de open-circuit voltage 
between collector and 
emitter (floating poten- 
tial), base biased with 
respect to emitter 
collector-to-base voltage 
(emitter open) 
collector-to-base voltage, 
specified voltage between 
emitter and base 
collector-supply voltage 
collector-to-emitter volt- 
age 


break- 
collector 


Vero 


Vcr 


Vous 


Very 


Vcx(sat) 


Ves 
Vzs (fl) 


Vuso 


Vir 
Var 
Y+¢ e 


Yie 
BY 06 
Yre 
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collector-to-emitter volt- 
age, base open 
collector-to-emitter volt- 
age, specified resistance 
between base and emit- 
ter 

collector-to-emitter volt- 
age, base short-circuited 
to emitter 
collector-to-emitter volt- 
age, specified voltage be- 
tween base and emitter 
collector-to-emitter satu- 
ration voltage 
emitter-to-base voltage 
de open-circuit voltage 
between emitter and base 
(floating potential), col- 
lector biased with respect 
to base 

emitter-to-base voltage, 
collector open 
emitter-supply voltage 
reach-through voltage 
forward transconduct- 
ance 


_ input admittance 


output admittance 
reverse transconductance 


MOS FIELD-EFFECT 
TRANSISTOR SYMBOLS 


voltage amplification 
(= Wea) Xan a Yz) 
pang 

intrinsic channel capaci- 
tance 

drain-to-source capaci- 
tance (includes approxi- 
mately 1-pF drain-to- 
case and interlead ca- 
pacitance) 

gate-to-drain capacitance 
(includes 0.1-pF  inter- 
lead capacitance) 
gate-to-source interlead 
and case capacitance 
small-signal input ca- 
pacitance, short circuit 
small-signal reverse 
transfer capacitance, 
short circuit 

forward _transconduct- 
ance 


116 RCA Transistor Manual 
Lis input conductance Vos drain-to-substrate  volt- 
Sos output conductance age 
In de drain current Vos drain-to-source voltage 
Ins(OFF ) drain-to-source OFF cur- Vas de gate-to-substrate volt- 
rent . age 
an aif Resp akties Var he gate-to-substrate 
: i voltage 
salina th et Re = Ves de gate-to-source volt- 
: ; age 
= poems Bate , sericamre. Ves peak gate-to-source volt- 
r active channel resistance ape 
ae unmodulated. channel .re- Vas(OFF) gate-to-source cutoff 
sistance voltage 
Yos(ON) drain-to-source ON re- | Yt forward _ transadmit- 
sistance tance ~ 2's ; 
Yea gate-to-drain leakage re- | Yos output admittance = 
sistance Los + jBos, Bopiesnawesa 
Tgs gate-to-source leakage | Yu load admittance = gn + 


resistance 


jBu 


RCA Military—Specification 


‘Transistors 

TYPE MIL-S-19500/ TYPE MIL-S-19500/ 
JAN-2N174 13B JAN-2N1308 126B 
JAN-2N220 1 JAN-2N1309 126B 
JAN-2N274 26 (Sig C) JAN-2N1412 76B (Navy) 
JAN-2N384 27D JAN-2N1479 207A CEL) 
JAN-2N388 65A JAN-2N1480 207A CEL) 
JAN-2N396A 64C JAN-2N1481 207A CEL) 
JAN-2N398 174 (Navy) JAN-2N1482 207A (EL) 
JAN-2N404 20B JAN-2N1483 108A CEL) 
JAN-2N706 120A JAN-2N1484 180A (CEL) 
JAN-2N962 258 (Navy) JAN-2N1485 180A (CEL) 
JAN-2N964 258 (Navy) JAN-2N1486 180A (EL) 
JAN-2N1183 143A CEL) JAN-2N1487 208A (EL) 
JAN-2N1183A 143A (EL) JAN-2N1488 208A (EL) 
JAN-2N1183B 143A CEL) JAN-2N1489 208A (EL) 
JAN-2N1184 143A CEL) JAN-2N1490 208A CEL) 
JAN-2N1184A 143A (CEL) JAN-2N1493 247 (EL) 
JAN-2N1184B 143A CEL) JAN-2N1853 171A (Navy) 
JAN-2N1224 189 (Sig C) JAN-2N1854 172A (Navy) 
JAN-2N1225 189 (Sig C) JAN-2N2015 248A (EL) 
JAN-2N1302 126B JAN-2N2016 248A (EL) 
JAN-2N1303 126B JAN-2N2273 244A (Sig C) 
JAN-2N1304 126B JAN-2N2708 302 (EL) 
JAN-2N1305 126B : . oy ee 
TAN-2N1306 126B Copies of anaite® eae eae 
JAN-2N1307 126B Specifications Division, Naval Supply 


Depot, 5801 Tabor Avenue, Philadelphia 
20, Pa., Attn: CDS 


Transistor 


he accompanying charts classify 

RCA transistors by function, by 
material, and by performance level. 
These charts are particularly useful 
for an initial selection of suitable 
transistors for a specific applica- 
tion. More complete data on these 


Audio-Frequency Applications 
SMALL SIGNAL—CLASS A 
Germanium n-p-n 
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Selection Charts 


devices, given in the Technical Data 
section, should then be consulted to 
determine the most suitable type. 
Data charts for rectifiers, silicon 
controlled rectifiers (SCR’s), and 
semiconductor diodes are given later 
(see Table of Contents). 
Silicon p-n-p 
40319 
40362 
Silicon n-p-n 
Dissipations up to 5 W 


40406 40410 


2N1010 

Germanium p-n-p 
2N2613 2N2614 40263 
Silicon n-p-n 

2N718A 2N2896 40084 
2N720A 2N2897 40231 
2N2102 2N3241 40232 
2N2270 2N3242 40233 
2N 2405 3N984 40234 
2N2895 3N994 40366° 


LARGE-SIGNAL POWER AMPLIFIER— 
_ CLASS A and CLASS B 


Germanium n-p-n 


2N647 


2N649 


Germanium p-n-p 
Dissipations up to 50 W 


2N1183 2N2148" 40051° 
2N1183A 2N2869° 40253 

2N1183B 2N2870® 40254°® 
2N1184 2N2953 40239 

2N1184A 40022° 40395 

2N1184B 40050° 40396 

2N2147" 

Dissipations of 50 W or More 
2N173 2N442 2N1358 
2N174 2N443 2N1412 
2N277 2N1099 2N1905 
2N278 2N1100 2N1906 
2N441 


* For printed-circuit-board applications. 


® High-fidelity power-amplifier type. 


2N1479 40315 40348V1* 
2N1480 40317 40348V2 
2N1481 40320 40349 
2N1482 40321 40349V1* 
2N1700 40323 40349V2 
2N1711 40326 40360 
2N3585 40327 40361 
40084 40347 40367° 
40264°® 40347V1* 40407 
40309 40347V2 40408 
40311 40348 40409 
40314 

Dissipations of 5 W to 50 W 
2N1483 2N3879 40322 
2N1484 40250 40324 
2N1485 40250V1* 40328 
2N1486 40251 40364 
2N1701 40310 40368 
2N3054 40312 40372* 
2N3583 40313 40374* 
2N3584 40316 40375* 
2N3878 40318 

Dissipations of 50 W or More 
2N1487 2N2338 2N3772 
2N1488 2N3055 2N3773 
2N1489 2N3263 40251 
2N1490 2N3264 40325 
2N1702 2N3265 40363. 
2N1703 2N3266 40369° 
2N2015 2N3442 40411 
2N2016 2N3771 


@ High-power 
ype. f 
4 N-channel depletion type. 


extended-frequency-range 


O High-reliability type. 
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Radio-Frequency Applications 
SMALL SIGNAL, UHF and VHF 
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Germanium n-p-n 


2N2482 

Germanium p-n-p 

2N384 2N1177 2N1225 
2N1023 2N1178 2N1396 
2N1066 2N1179 2N1397 
Silicon n-p-n 

2N917 2N3932 40296 
2N918 2N3933 40404 
2N2708 2N4036 40405 
2N2857 2N4037 40391 
2N3053 40242 40392 
2N3478 40294 40394 
2N3600 40295 

LARGE SIGNAL, UHF and VHF 

Silicon n-p-n 

2N699 2N3632T 40290T 
2N1491 2N37337 402917 
2N1492 2N3866T 40292T 
2N1493. 2N40127£ 40305t 
2N2631 40279T 403067 
2N2876 40280T 40307T 
2N3229 40281f 40340T 
2N3375T 402827 40341T 
2N3553T 

HIGH FREQUENCY 

Germanium p-n-p 

2N274 2N1225 2N1397 
2N370 2N1226 2N1631 
2N384 2N1283 2N1632 
2N1023 2N1395 2N1637 
2N1066 2N1396 2N2273 
2N1224 

Silicon n-p-n 

40080 40243 40245 
40081 40244 40246 
40082 


MIXER, OSCILLATOR, and CONVERTER 
Germanium p-n-p 


2N274 2N1179 2N1397 
2N374 2N1224 2N1426 
2N384 . 2N1225 2N1526 
2N1023 © 2N1226 2N1527 
2N1066 2N1395 2N1639 
2N1178 2N1396 40261 
Silicon n-p-n 

40243 40244 


t Overlay type. 


IF AMPLIFIER 

Germanium p-n-p 

2N139 2N1066 2N1396 
2N218 2N1180 2N1397 
2N274 2N1224 2N1524 
2N384 2N1225 2N1525 
2N409 2N1226 2N1638 
2N410 2N1395 40262 
2N1023 

Silicon n-p-n 

40080 40243 40245 
40081 40244 40246 
40082 

VIDEO AMPLIFIER 

Germanium p-n-p 

2N274 2N1066 2N1395 
2N384 2N1224 2N1396 
2N699 2N1225 2N1397 
2N1023  2N1226 

Silicon n-p-n 

2N1491 2N2102 2N3118 
2N1492  2N2708 40245 
2N1493 2N2857 40246 


Television Applications 


TV DEFLECTION 
Germanium p-n-p 


2N3730 2N3731 2N3732 
TV TUNER 

Silicon n-p-n 

40235 40237 40350 
40236 

TV VIDEO OUTPUT 

Silicon n-p-n 

40354 40355 

TV IF AMPLIFIER 

Silicon n-p-n 

40238 40240 40352 
40239 40351 


Power Switching 
Dissipations up to 5 W 


Silicon n-p-n (Medium Voltage, up to 100V) 
2N697 2N1613 2N3119 
2N718A 

Silicon n-p-n (High Voltage, above 100V) 
2N720A 2N1893 


} Frequency-multiplier type. 
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Dissipations from 5 W to 50 W 
Germanium p-n-p (Medium Voltage, up to 100V) 


2N1183 2N1184 2N2869 
2N1183A 2N1184A 2N2870 
2N1183B 2N1184B 


Silicon n-p-n (Medium Voltage, up to 100V) 


2N1479 2N1701 40082 
2N1481 2N2270 40250 
2N1483 2N3053 40278 
2N1485 2N3054 40347 
2N1700 2N3230 40348 
Silicon n-p-n (High Voltage, above 100V) 
2N1480 2N3231 40349 
2N1482 2N3262 40366° 
2N1484 2N3441 40367° 
2N1486 2N3878 40368° 
2N2102 2N3879 40373* 
2N2405 40346 40375* 
Silicon n-p-n (Very High Voltage, above 250V) 
2N3439 2N3584 40255 
2N3440 2N3585 40256 
2N3583 40374* 


Silicon n-p-n 


2N1487 
2N1488 
2N1489 
2N1490 
2N1700 
2N1701 
2N1702 
2N1703 
2N2015 
2N2016 
2N2338 


DIFFERENTIAL and OPERATIONAL AMPLIFIERS 
Silicon n-p-n 


2N1613 
2N2102 
2N2270 
2N3439 


2N3054 
2N3055 
2N3263 
2N3264 
2N3265 
2N3266 
2N3439 
2N3440 
2N3441 
2N3442 


2N3440 
3N984 
3N994 


2N3583 
2N3584 
2N3585 
3N984 
3N994 
40255 
40256 
40369° 
40389* 
40390* 


40255 
40256 
40346 
40366° 


Computer Applications 


MEMORY DRIVERS 
Germanium p-n-p 


Dissipations of 50 W or More 


Germanium p-n-p (Medium Voltage, up to 100V) 


2N173 2N441 2N1100 
2N174 2N442 2N1358 
2N277 2N443 2N1412 
2N278 2N1099 2N1905 


2N1384 

Silicon n-p-n 

2N2476 2N3261 2N3512 
2N2477 2N3262 40283 


LOGIC CIRCUITS 
Germanium p-n-p (Low and Medium Speed) 


Germanium p-n-p (High Voltage, above 100V) 
2N1906 


Silicon n-p-n (Medium Voltage, up to 100V) 


2N1487 2N1702 2N3055 

‘2N1488 2N1703 2N3771 
2N1489 2N2015 2N3772 
2N1490 2N2338 40251 


Silicon n-p-n (High Voltage, above 100V) 


2N2016 © 2N3265 2N3442 
2N3263 2N3266 2N3773 
2N3264 


DC-T0-DC CONVERTERS, INVERTERS, CHOPPERS, 
RELAY CONTOLS, VOLTAGE and CURRENT 
REGULATORS, SERVO AMPLIFIERS 


2N173 2N443 2N1184 
2N174 2N1099 2N1184A 
2N277 2N1100 2N1184B 
2N278 2N1183 2N1358 
2N441 2N1183A 2N1412 
2N442 2N1183B 


2N404 2N1301 2N1309 
2N404A 2N1303 2N1384 
2N414 2N1305 2N1683 
2N1300 2N1307 40269 
Germanium n-p-n (Low and Medium Speed) 
2N585 2N1302 2N1308 
2N1090 2N1304 2N1605 
2N1091 2N1306 2N1605A 
Silicon n-p-n (High Speed) 

2N706 2N2205 40217 
2N706A 2N2369A 40218 
2N708 2N2475 40219 
2N709 2N2938 40220 
2N834 2N3011 40221 
2N914 2N3261 40222 


DIRECT ON-OFF CONTROL (NEON OR INCANDES- 
CENT-LAMP INDICATORS, RELAYS, COUNTERS, 
and OTHER HIGH-VOLTAGE CIRCUITS) 

2N398 2N398A 2N398B 

4 N-channel epieiion. type. 


O High-reliability type. 
* For printed-circuit-board applications. 
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Technical Data 
for RCA Transitors 


This section contains detailed technical data for all current RCA transistors. 
Types are listed according to the numerical-alphabetical-numerical se- 
quence of their type designations. Tabular data for RCA discontinued tran- 
sistors are given at the end of the section. Tabular data for silicon 
rectifiers, silicon controlled rectifiers (SCR’s), and semiconductor diodes 
are given later in the Manual, as are outline drawings and information on 
mounting hardware for all RCA semiconductor devices (see Table of 
Contents). 


2N104 TRANSISTOR 


Ge p-n-p alloy-junction type used in low-power audio-frequency service. 
JEDEC TO-40, Outline No.13. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ..........cccsssccccessscccescsssccessnseccessoreeees Vcso —30 V 
CONS CtOPMGUET EN teria cove socteesssectcscasteecessscnsissoutetroceteetstaasens Ic —50 mA 
EmittereCurvennty ic Werson cinta eect ae ae tite scab ceibassdvidsacetetee In 50 mA 
Transistor Dissipation: 

Ate TENUD SO 25°C ARE AS ooo cccccsccance tele otcke teeta cussaeeteccnvetestasouss Pr 150 mW 

PUG eT aI OSC aera tea Mes casstoctegaec aca tate tite ssccesixeueasclecssenesos Pr 80 mW 

NT Mag fee ir OG Veh cael isc on cs crag ciao ante Secs ta sdk Gute RoLacd snnnnereneeet er acackss Pr 30 mW 
Temperature Range: 

Operatings (Ambient), fe Ee cise’ Ta (opr) —65 to 70 a © 

SOTA GO) eo tee. akg ceaes Seeyoh toes ict ae eccaconeso sea Me eee TstTa _ —65 to 85 °C 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —20 wA, 

bie 0)) VAG ele Se SP ee ere en a Je a. ere —30 min V 
Collector-Cutoff Current (Vcs = —12 V, In = 0) I —10 max pA 
Emitter-Cutoff Current (Vrs = —12 V, Ic = 0) —10 max pA 
Small-Signal Forward-Current Transfer Ratio 

Vin OV 5 TA) reiiine cs ceccvesnscoccceccabonstesastectoete Nte 44 

Small-Signal Forward-Current Transfer Ratio Cutoff 

_Frequency (Vcs = —3 V, Ic = —0.2 MA) ue fntb 0.7 Mc/s 
Thermal Resistance, Junction-to-Ambient 2.............sseceeeees Qs-a 0.4 °C/mW 


2N109 TRANSISTOR 


Ge p-n-p alloy-junction type used in low-power, small-signal and large- 
signal audio applications in consumer-product equipment. JEDEC TO-40, 
Outline No.13. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .........ccccssssccccssscscccssssssceccsssresessessces VcBo —35 V 
Collector-to-Emitter Voltage  ...........ccccsscccssssscssesnscscesenseeesees Vcro —25 V 
Emitter=-to-Base 5” VOMARC srtcctccscsoscnccanceesipsceesececescnsesecechconesevscees VxBO —12 V 
COMeCtOr Curt en Fae ceccrsttseetecteasceurerserpcesteastenscensonseieteictsnesesteestooes Io —150 mA 
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MAXIMUM RATINGS (cont’d) 


Transistor Dissipation: 
Ta up to 25°C 
Ta above 25°C 

Temperature Range: 
Operating (Junction) 
Storage 


POCO O OOOO ESSE EEE E DEES HESS OEE SEESESESS SESE OSES ESOS OSES ES EEESSOSESEE OED 


PCRS SOOO H OSES STO E ESOS SOOTHES OESEOEEEES ET SOSHOSOH ESOT OH OS EEO O OSES OSES 


POOP OO ESCO OSES EECEEEOE ESOS SEES STEED ESOS ESSE SESS OSES O SES OOOE EOE SEES 


CHARACTERISTICS 
ea eee Breakdown Voltage (Ic = —50 uA, 


SO OEH HOS EOE E OEE OOS EOESESOE TOE OE SSO SE SOOO ESOT ESOS SESE SSSR SESS SOEE SEDO SE OSS SIP OOOO OSES 
POPPE O HERO EE DEED EOT DESEO SOS ESED OEE ODEO SEE SEOSEO OEE SEOESOO SOS OSOS OSES ST SSOS ESOS OO OUSS 


COPE ESOP OEE E THEO CEES EEE DOSE OEE DOES SEE ES SEES EEE DESEO SESE OESS ED DO SESE SSDS OOS E SOO OSSESEOS 


Ic 
Collector-to-Emiiter Saturation Voltage (Ic = —50 mA, 
ee NNN Art 25022, «a5 csp vannachconasroeanaciceeocsesasesiecceousescctues 
Base-to-Emitter Voltage (Vcze = —1 V, Ic = —50 mA) 
Collector-Cutoff Current (Vcs = —30 Vv, Tp 0)  cissessssive 
Emitter-Cutoff Current (Ves = —12 V, Ic = 0) ........... 
she hee cite eae Transfer Ratio (Vce = —1 V, 
c= — 
Small-Signal Forward-Current Transfer Ratio 
(Vce = —6 V, In = —1 mA, f = 1 ke/s) 
Small-Signal Input Impedance (Vcz = —6 V, 
Iz = —1 mA, f = 1 kc/s) 
Output Capacitance (Vcsp = —6 V, Ic = —1 mA, 
= 0.5 Mc/s) 


POOH SLOSS EDOO SOOO OOO DESEO EOSO OOOO OOOO OOO OSCE SEOO SESE DSEH ESLER DOE REOD 
Poerscccscccssceceoseree 
Pr rr) 


CODE OTE O OOS OOE SOOO SEDO OOES OES O OLED CESS HES SE OSES OT OSES DODD OSES SSSO DOSS EOD 


TRANSISTOR | 


Ty (opr) 
TstG 
TL 


V.sR)CBO 
VBR) CEO 


VBR) EBO 


Vcr (sat) 
VBE. 


IcsBo 
Izzo 


hre 


121 
165 mW 
See curve page 112 
—65 to 85 fo 
—65 to 85 € 
255 “i Os 
—35 min V 
—25 min V 
—12 min V 
—0.15 max V 
0.2 to 0.4 V 
—7 max LA 
—7 max wA 
65 to 115 
50 to 150 
1000 to 4000 Q 
20 to 60 pF 


2N139 


Ge p-n-p alloy-junction type used primarily in 455-kilocycle intermediate- 
frequency amplifier service in battery-operated portable radio receivers and 
automobile radio receivers operating from either a 6-volt or a 12-volt sup- 
ply. JEDEC TO-40, Outline No.13. Terminals: 1 - emitter, 2 - base, 3 - 


collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Emitter-to-Base Voltage 
Collector Current 
Emitter Current 
Transistor Dissipation: 
Ts = 25°C 
TA == T1°C 
Temperature Range: 
Operating (Ambient) 
Storage 


COCO O LOSE OOOOH OEE OOEOOO EEO OERO SSO ESOOS DEORE OTE CL LOSS 
POCO OOO OO SEES OOS OOO ED ODES SS ORS OSS OSE EE DOO SOREL OO LCS ES 
POCO OOOO OOOO EEO LESS OO ESSE OOO OEE O EE HOSED ODES OOS OOOO EOE OHOE SOOO EOEDE OSE 


POCO OOO OOS ODOT DEEDES OEE EOE TO ODEO ES OOOEESOSOOESOESEDOSO OE OS OOOO SEER 


COP OS OTE H STOO THOT O SESE O EE EEE EEE TS ESTE IOS HOSE EEHS OOOO SESH OT SEEEES SESH SOOO OOOSS 


POCO CC HOSED OREO S OEE ETE SEO EES OEE HESSD SESE EHS EHESOE SESS EOS EEEE SESE SEOH ESOS OSESES 


SOR Se OSES ROSCOE SOOO EE EO SHEE SESE SEES OSSE OSES ESOSHOSEHOSO OSES 


POPP CORO OHO LOTS SES EEE OE OES SESOSESECETEEESES EES EESESOSEESOOSESSEESHOSOESOOD SHOOT OSE OEO® 


CHARACTERISTICS 
fa rereegeePase Breakdown Voltage (Ic = —10 wA, 


Collector-Cutoff Current (Vcs = —12 V, Im = 0) ........ 
Emitter-Cutoff Current (Ves = —12 V, Ic = 0) Roeper res 
Static Forward-Current Transfer Ratio (Vor = =—9V, 
eM US NERA Wits oko cco. oes oss 0 sGsosevauassdaecdbedsasusaechesboisonsdscensseeasace 
Gain-Bandwidth Product (Vcz = —9 V, Ic = —1 mA) 


TYPICAL OPERATION IN 455-kc/s IF-AMPLIFIER CIRCUIT 


DC Collector-to-Emitter Voltage oo... ccssecssseeeeeeeee 
Ns We RPO RAT TONE 8 2055,56 soil ncccecdenisesdensssdeetacesecedesdedicedecevenieee 
Input Resistance (approx.) 

Output Resistance (approx.) 
Maximum Power Gain (approx.) 
Useful Power Gain (approx.) 
Spot Noise Figure (approx.) 


POPC OO HOO OHH OH OOO SEE ESE EOS OEE OES ESOS ODE LESS SEES 


POCO OHSS E EHH E OOOO EH HET OE OTE ES SESE SOO OSOO ESOS 


OOOO ee OOO eee eee eee e eee resesessseseeee® 


SOOO OOOO eRe OOO EO ESE ERE SHEDS ERED OE CETHOOE HOOD 


CO PPO E OOOO SOE E OOO SE EOE EES HSE EDO DES SEEDS ESE OES 


—16 
—12 
—15 
15 
80 
10 
to 71 
to 85 
—16 min 
—6 max 
—40 max 
48 
14 
—9 —9 
—0.5 —1 
1000 500 
70000 
38 
27.6 
4.5 4.5 
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2N140 — TRANSISTOR 


Ge p-n-p alloy-junction type used primarily in converter and mixer-oscillator 
service in AM battery-operated portable radio receivers and automobile 
radio receivers operating from either a 6-volt or a 12-volt supply. JEDEC 
TO-40, Outline No.13. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Baseé: Voltage ........ceccsccsccssduevecssssiscnscesvsedacsesecstvabes Vcxzo —16 V 
Emitter=td>- Base: V ol tag Gigs scars e- ccs acsesasSedencsaocansvheccsnaccdsaruecnee VEBO —0.5 Vv 
Collector: Current 1... vcccccsiesss scsvssncssccbi ete .dessascceosoede Beatetaeeeaeey Ic —15 mA 
PRIMI tte CON bse a occ es careetecas eats i vace si cnc tanstasecue ecu ceets ouacunteccasencenes Iz 15 mA 
Transistor Dissipation: 

SP a ae See eee cca) idepeecy ctaes ett ov as ecacekbacaoncanoacrekeaetaeneeeeneese Pr 80 mW 

JW Gms it ft A Gl ie ely Daren aera en a oe pete oy Been ULL Pe Pr 10 “mw 
Temperature Range: 

Operating: CAMDIENC) \cicccctdeercecchatucticeetetesossctecconsten cc titeoteoe Ta (opr) —65 to 71 Py oF 

SOLA LS Ter 25 oocce cece ccee cece cbeded Eee ccatdldnesashe ee en TstG —65 to 85 “fe 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —10 wA, 

BB cupid (NY 8 co Ap ieee aetna ta Ant lade eect ties Ne ae iy 4 ab es Se Vier) CBO —16 min Vv 
Collector- Cutoff Current (Vcs = —12 V, In = 0) ......... Ico —6 max LA 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) ........ Izzo —12 BA 
Static Forward-Current Transfer Ratio (Vcr =—9 V, 

Mice} Vem P= BO 9 6 op eM OP Rep ea Or ve aOR Abbe as Karl mI hre 48 
Gain-Bandwidth Product (Vcr = —9 V, Ic = —0.6 mA) fr 16.5 Mc/s 
TYPICAL OPERATION AT 1 Mc/s IN SELF-EXCITED CONVERTER CIRCUIT 
DC Collector-to-Emitter Voltage oc. cecsscessereeetees Vcr —9 V 
DC Collector Current. ................ 3 Ic —0.6 mA 
Input Resistance (APPLOX..) yarcccsaccescosssascslielevevatecsascceseccosoeves Rs 700 Q 
Output =Resistancer” (ADPrOX i eciresececceecsscccesssseeeterucceseschislers Ri 75000 Q 
RMS Base-to-Emitter Oscillator Injection Voltage 

SEDO CR ees ere re nc a es 100 mV 
Useful Conversion Power Gain (approx.) .......cccccccesreceeees MUGe 32 dB 

IN173 POWER TRANSISTOR 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- | 
fier applications in equipment having high voltage, current, and dissipation 
requirements. It is used in power switching, voltage- and current-regulating, 
de-to-de converter, inverter, power-supply, and relay- and solenoid-actuating 
circuits; and in low-frequency oscillator and audio-amplifier service. JEDEC — 
TO-36, Outline No.11. Terminals: Lug 1 - base, Lug 2 - emitter, Mounting . 
Stud - collector and case. . 


MAXIMUM RATINGS ; 
Collector-to-Base Voltage (Vpe = 1.5 V)  ccssccsccssseeee Vesv —60 


Vv 

Emitter-to-Base Voltage o........cccsscccccsssccsscescrccescccenrccsssscrsercese VEBO —40 Vv 
Collector RGurren te teres ec eee er iter Ic —15 A: 
Rermiiftery Curr erie re can ei cater ee eon In 15 A 
PASE CULECIU ere erscctetccerccn cerca cot eherseateee ree retreocerintertre Is 4 A 
Transistor Dissipation: : 

OE USED) EO Fee occa ova hes A cdguenca nractwapecvanade sachet tesa rnattnes vie ane Pr . 150 WwW 

Ey ARO VE, Ba, aticcs cvvanasnascdttepieces theosousee, sokabedfeseasaasesensmste ate ticeen Pr See curve page 112 
Temperature Range: 

Operating (Tc) ant Storager CTSrG)o pessccsseco-sctooccdssecsas —65 to 100 "es 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ley SBea-O SOA BR eres Or decd nineties V@pR)cEs —50 min Wag 

RiiscReclk pA ities Mis een ek 5: cranRaameie ned eloudeboaden VierR)CEO —45 min Vv 
Collector-to-Emitter Saturation Voltage: 

Deen TA ee ie tN ee a Vcr (sat) —0.7 max Vv 

Mi ee 2A UR hs i a Mw conch akisss oicican obancchiundabcee Vcr (sat) —0.3 typ WV 
Base-to-Emitter Voltage (Ic = —5 A, Vcomp = —2 V). Ver —0.65 Vv 
Emitter-to-Base Voltage (Vcs = —80 V, In = DO) ieieccsats VEB —1 max Vv 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Collector-to-Emitter Reach-Through Voltage .... 
Collector-Cutoff Current: 
em hs. =) OF TG 8 25° Cinna tmeks 
Vcs = —60 V, In = 0, Oe 25 (Cee ee 
= —60 V, Iz = 0, TOT? Cerne ees: 
Emitter-Cutoff Current: , 
OS ESI 1 lice Se 


MMM EN FTG — 0)... ..ccccscocencceccctcecectedcoscescevscccesses 
Static Forward- Current Transfer Ratio: 
Ra tee ee I a Ae oo a dalsdaccudaceecbcdelsteclatieswecdcoeess hrr 
rr NG a 1D A ce cccnsccccsecsccccnogacecscsescosccoaveese hre 
Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (Vcr = —6 V, Ic = —5 A) 


Thermal Resistance, Junction- to=Case arcmin 


TYPE 2NI73 
COMMON -EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE=25°C 


COLLECTOR AMPERES 


0 -10 -20 -30 -40 


COLLECTOR-TO- EMIT 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2NI73 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS =-2 


SP 
Vile 
LA | 


eer 
eer TTT 


0 Oe -04 -06 -08 ie) 
BASE-TO-EMITTER VOLTS 


-I5 


COLLECTOR AMPERES 
COLLECTOR AMPERES 


92CS-l|O709T 


POWER TRANSISTOR 


Stud - collector and case. 


123 
het eae Vr —60 min V 
Jentets Icgo —100 pA 
at at Icgo —4 max mA 
sisdeccentss IcBo —15 max mA 
We Seats Izzo —l1 typ mA 
Sis IzBo —4 max mA 
35 to 70 
25 
SREY fhte 10 ke/s 
cine te Os-c 0.5 max °C/W 


TER VOLTS 


-50 -60 


92CM-10722T 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2NI73 


-|5 /COMMON-EMITTER CIRCUIT, BASE INPUT, 
COLLECTOR-TO-EMITTER VOLTS=-2 


-0.2 —0.3 
BASE AMPERES 


g2cs—l0712T 


2N174 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in equipment having high voltage, current, and dissipation 
requirements. It is used in power switching, voltage- and current-regulating, 
dc-to-de converter, inverter, power-supply, and relay- and solenoid-actuating 
circuits; and in low-frequency oscillator and audio-amplifier service. JEDEC 
TO-36, Outline No.11. Terminals: Lug 1 - base, Lug 2 - emitter, Mounting 
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MAXIMUM RATINGS 


Collector-to-Base Voltage (Vaz = 
Emitter-to-Base Voltage 
Collector Current 
Emitter Current 
Base Current 


Transistor Dissipation: 


Case Temperature Range: 


Operating (Tc) and Storage (Tst«) 


CHARACTERISTICS 


Collector-to-Emitter Breakdown Voltage: 


lor 
Ic = —1 A, Is = 0) 


—0.3 A, Resp 


Collector-to-Emitter ert 3 Voltage: 


c= —12 A, 
Ic = —12 A, In = —2 A 
Emitter to Base Voltage (Vcs = —80 V, In = 0) 


BS 


eeeereesone 


Prererrerrirrrr ie iii) 


Coe errr eee ee reese eee see ESSE EE EEETEESEREEEESESESOSESEESS OSES TOS SSEOSESEOEOO SESS 


ROO OOOO Cree HOE HESS OOOT ESSE EEEEEOEO TOES EOSESS ESOS OSES OT OS ESSE HOES EES EOD 


POOR roe e EO Oe OE SEE HOE E EEE EOEE ESE EHEE SESE SESE DEES OEOE SESE OHOT HOES EEE ED 


Peer eercereseese sees eeseeses 


Prereee errr errr rir titre irri) 


COOP OE OEE ST ESOS THOSE EEEO SEES EEEO ESSE SEHESESESEES TEES OEREESEESS 


Prreeerrrrrrrrrirr iirc 


COCO OO HO Rese eee esse ere see EES ESOSSESOEEOEEEET EES EOES 


Collector-to-Emitter Reach-Through Voltage 
Base-to-Emitter Voltage: 


Vcr = —2 V, 
Von = —2 V, Ic = —5 A 


c= 


Collector-Cutoff Current: 


COLLECTOR AMPERES 


cB = —2 
= —80 V, In = 
= —80 V, In = 


Vrs = —60 V, Ic = 0 
Vruz = —60 V, Ic = 0 


“15 


V5 Inss- 0.4 Tee==625°C 
OS Ter 25°€ 
OTe FTAc€ 


TYPE 2NI74 


COMMON - EMITTER CIRCUIT, BASE INPUT. 


CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


hi ne 
MILLIAMPE 


-30 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2NI74 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS =—2 


-0.4 
BASE-TO-EMITTER VOLTS 
92CS-|O7IOT 


-06 -0.8 


OOOO EHO e ROH OHO OEE ee Oe Eee E ESE EDEDETE DEST SEHE SEES EES 


CORO eee eee eee ee eee ee ee Oseseseesseesese esse HEHE eEe® 


OOP eee eeeeee rere ress reese ees eeeesee 
POO eee e reer recesses sees sess sees eeesee 


CORP m ee eereeese eres eeeseseeeeeesesees 


SOP O ROE EEE OO EET EE TOOT HESE EOE E SSE HOES SESE EEEEEEEE SEES HEED 


POOR ee eee UO OTE EEO E EEO EEE EEEE SESE EEHE TEST HEHE SHEE EEE SEO® 


-40 
COLLECTOR-TO-EMITTER VOLTS 


COLLECTOR AMPERES 


-50 
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-60 
92CM-l0736T 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2NI74 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR -TO-EMITTER VOLTS =-2 


-0.4 
BASE AMPERES 


-0.6 


92CS -lO7IIT 


PS ee Vosy —80 V 
VxEBO —60 V 

Ic —15 A 

In 15 A 

Ip —4 A 

Pr 150 W 

Pr See curve page 112 

—65 to 100 eC 

Ver) CES —70 min V 

VBR) CEO —55 min V 

Vcsr (sat) —0.7 max V 

Vcr (sat) —0.3 typ V 

devuces VEB —1 max V 
Bin Aceh Ae RT —80 min V 
VBE —0.65 typ V 

VEE —0.9 max V 

Icgo —100 pA 

Icso —4 max mA 

IcBo —15 max mA 

IzBo —l typ mA 

IzBo —4 max mA 
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CHARACTERISTICS (cont'd) 


Static Forward-Current Transfer Ratio: 


MMe me, La A oasis ss ccantactachacandancddcabndccsdosdccnomnes hrr 25 to 50 
TS aE: Client anced Pr-O A ee FE 20 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Vcr = —6 V, Ic = —5 A) oasseu toaiisekies fnte 10 ke/s 
Thermal Resistance, Junction-to-Case oo.....cccccsccsssccssecceeeee Q3-c 0.5 max °C/W 


TRANSISTOR 2N175 


Ge p-n-p alloy-junction type used in small-signal af amplifier applications 
in hearing aids, microphone preamplifiers, recorders, and other low-power 
applications. JEDEC TO-40, Outline No.13. Terminals: 1 - emitter, 2 - base, 
3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ou.....c.ccccccccscccssscsssssscssscssssceeccescessses Vcso —10 V 
Emitter-to-Base Voltage VxEBO —10 Vv 
MOOT iio ecc Sy loncpdchics bnnancdovsovessscicesarcenesonsdcevaoerseosarccocoe = Te —2 mA 
OMNIA EME EN ENG isin, har sy chosiue sec ceds tebechdolcdechcsssasvescbeniscorecadecencee In 2 mA 
Transistor Dissipation: 

NGI, 6 ccs ave pecies veon'esbakae stncs ouodoinsosisesssasacoecsccassime hs Pr 50 mW 

MN UE BR along baleen ssccie ves causes tovsivnsestentsviertencosbeckecceendek pousebtedc Pr 10 mW 
Temperature Range: 

ROOT AINE CAINDIONE)  .o......02..0.000ceencecsoscsonasuccesensecansseceovseee Ta (opr) 71 ie 

EPR R Ad cick sc cb a5 As adh asabct Sesusscdosdeddseeactondedsasctianlesodaosivedtnss TstTG —65 to 85 °C 
CHARACTERISTICS 
‘Collector-Cutoff Current (Vcp = —25 V, Im = 0) ....... Icgo —12 max pA 
Emitter-Cutoff Current (Vrs = —12 V, Ic = 0) ........ Izzo —12 max BLA 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcs = —4 V, Ic = —0.5 MA) Lissccsccscseeeee fntp 0.85 Mc/s 
Noise Figure (Vcr = —4 V, Ic = —0.5 mA, 

tetera 20U0 2g Foe = 20000 C2) cicccccccccccsccececoucdocerccecceseous NF 6 max dB 

POWER TRANSISTOR 2IN176 


Ge p-n-p alloy-junction type used in large-signal af amplifiers in class A 
power-output stages and class B push-pull amplifier stages in automobile 
radio receivers. JEDEC TO-3, Outline No.2. Terminals: 1 - base, 2 - emitter, 
Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ouu....ccccccsccsscssccssscssscsssoesscsssserscese Vcso —40 V 
a EI ae MENTE BEL vs ooc soya ssbhas ceasproverdoceossosktscuporiobiccimen Ic —3 A 
RRM Me Nas coarse tency aressscceevosscvnecxtaceoievcorsttorscaccnscncionntcns Iz 3 A 
Transistor Dissipation: 

PARE Goer Pog c cy ics sees siscaredeensastoeesiceccs coomktnsceteneececcs Pr 10 WwW 

SN ecco hav Saccyvcasnvencwsrvessecoticnctosvonare tesco: Pr See curve page 112 
Temperature Range: 

Operating (Tmr) and Storage (TstG) .....cccccccsccssssseees —65 to 90 =C 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

Re hee er aN ce ROB R 2 10!) sis Soc cciiceeddd s.cnvdioccsgitsconsmsceiak VcsR)cEs —30 min V 
Collector-Cutoff Current (Vcp = —30 V, Im = 0) ......... IcBo —3 max mA 
Emitter-Cutoff Current (Vmzs = —10 V, Ic = 0) ou. Irzo —2 max mA 
Static Forward-Current Transfer Ratio 

er ree g ACY OB A)... s ch cvecsncsecesdsocesccecwscanccatecbes hre 63 
Small-Signal Forward-Current Transfer Ratio 

De Re Se) VCR 22 VOLO 0 A) ievclecccecdesccceee hte 45 

Thermal Resistance, Junction-to-Ambient  ..........0.......0. Qs-A 1 max °C/W 
TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage oo...ccccccccccccsssssssccssssessenereccees Vcc —14.4 Vv 
DC Collector-to-Emitter Voltage Vcr —13.7 V 
DC Base-to-Emitter Voltage o.....c.ccccccspescsscccccsssesssecsossssccesees VBE —0.24 V 
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TYPICAL OPERATION (cont'd) 


Peak? Collectors Current? <.0.08 in siticsscecsvscsctanscsectesssesvetttortecedttes ic(peak) —l A 
Zero-Signal Collector Current ........ccccscccccccccsccsscsscccccscesssseeeses —0.5 A 
Emitter P RESiStan ce + siisccccstetites ees seeds east caceasss senscasteieaesdaueeseeetnan 1 Q 
Load! Impedance ® aiiiigcicciessscccascessessesecescvleeeestore MOO ee Ri 25 Q 
Signal PETEQUCNCY iicciscclessseteeeesia ae heccseny se totosoeeeeen tee ee eee 1 ke/s 
Signal-Source IMpPedanCe .........cccccccsscessssccdacessecdswssvecssccscssonses Rs 10 Q 
POWOEE Gaim. fees Bisse eaiicasee sees oe cade ca deacci sues toe Saeed ae GPE 35.5 dB 
Total Harmonic Distortion .......ccccccccccscsscsvssessocscossscssveosoessosooe 4 % 
Zero-Signal Collector Dissipation ..............cessscessseceeneseeenee 6.83 WwW 
Maximum -Signal Power Output .........ccccccccsssssssesssseccssseesenee Por 2 WwW 


2N215 TRANSISTOR 


Ge p-n-p alloy-junction type used in low-power audio-frequency amplifier 
applications. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is electrically identical with type 2N104. 


2N217— TRANSISTOR 


Ge p-n-p alloy-junction type used in low-power, small-signal and large-signal 
audio applications in consumer-product equipment. JEDEC TO-1, Outline 
No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type is electrically 
identical with type 2N109. 


2N218 TRANSISTOR 


Ge p-n-p alloy-junction type used primarily in 455-kilocycle intermediate- 
frequency amplifier service in battery-operated portable radio receivers and 
automobile radio receivers operating from either a 6-volt or a 12-volt sup- 
ply. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 
This type is electrically identical with type 2N139. 


2N219 | TRANSISTOR 


Ge p-n-p alloy-junction type used primarily in converter and mixer-oscillator 
service in AM battery-operated portable radio receivers and automobile radio 
receivers operating from either a 6-volt or a 12-volt supply. JEDEC TO-1, 
Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type is 
electrically identical with type 2N140. 


2N220 TRANSISTOR 


Ge p-n-p alloy-junction type used in small-signal af amplifier applications 
in hearing aids, microphone preamplifiers, recorders, and other low-power 
applications. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is electrically identical with type 2N175. 


2N270 TRANSISTOR 


Ge p-n-p alloy-junction type used in large-signal applications in class A 
driver stages and af amplifiers, and class B push-pull line- and battery- 
operated af amplifiers. Similar to JEDEC TO-7 (3-lead type), Outline No.4. 
Terminals: 1 - emitter, 2 - base, 3 - no connection, 4 - collector. 
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MAXIMUM. RATINGS 


127 

—25 V 

—12 V 

—75 mA 

75 mA 

250 mw 

See curve page 112 

—65 to 71 rc 

—65 to 85 °C 

—25 V 

—16 max pA 

—12 max pA 
70 


1 
0.24 max °C/mW 


Collector-to-Base Voltage o....cceccccccssceesscsssesssessscssssssssseasees Vcso 
Emitter=to-Base Voltage  .........cccccsscccsssccsssccscssssccsovscsccvsssovessoes VEBO 
NUNN MAMI EAE TIEN G S555 cucuodonascedvacher <avecdavsssvausasvonacves cusecdesusevccncences Ic 
Rot or, ocdevenacnacvoncasheceoeusedscdoascorepmnagerevedsoseasteios In 
Transistor Dissipation: 

I 6 Se casa hipvbe cv docevacvasdbaisiWebuissessdasoce etesuelcsbeeciene Pr 

TUN PLEX SM 2 Pik Cae Pr 
Temperature Range: 

MUNIN ABMNM SE PA TERIVIOTIE 255. sjutesicsnaccts coscasesddadaccuccvessctacsauacdecoonde Ta (opr) 

Sa aa ca, sect GEE Ts papa sb as, SMBUS lus Paetteed veh dasilboboce oases STG 
CHARACTERISTICS 
Collector-to-Emitter Voltage oo..cciccccccccccsscssssssssessssccsseces Vcro 
Collector-Cutoff Current (Vcsp = —25 V, In = 0) ........ IcBo 
Emitter-Cutoff Current (Vrs = —12 V, Ic = 0) ........ Inso 
Static Forward-Current Transfer Ratio 

CRO Vi th 150 VPA)? iio; ccccscovecscccnccenscendcostere hre 
RAMRIEPEIO WIL PE TOGUCE o.ss..jocescccsecctcelccoivorosesncsocecssvconesacsecns fr 
Thermal Resistance, Junction-to-Ambient .............c.cccce0 Os-A 
TYPICAL OPERATION IN- CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage oo... ecsscesssscsssesessseesseesees Vcc 
DC Collector-to-Emitter Voltage © ..........cc.ccccceccssscssscssssesseeees Vcr 
DC Base-to-Emitter Voltage o...........cccccssscscsssssssscsseccscsssscsssess VBE 
Me RBM T OE CAITTOTIG, ios. c5cocncceccsguscecsdechacepsctcuvelinberscceceeccvertvecsees Ic 
PNET EGR BUSI RINC Oooo csc seca sec ciclasi cess WsecvcaceseUtesscedeccscaccetuseasie 
appre NNN i505 cose nosv'sco> ccsvndcdeovacenscsessatseeshonvvcasucssoscdscefouteons Ru 
PER TRINNY cin can conse cde cds veces duassececniy ceverec tk soko aeeeeateescehusweven 
URDALI 2 CO be RG Bea Sma Raeantte Seaneitieny mens By ape seam tion saeRaaOe betel Gpr 
Zero-Signal Transistor Dissipation ..00...........cccssessseseseeseeeees 
Maximum-Signal Power Output oo... eccesessssessssesesees Por 
Total Harmonic Distortion: 

At power Output = 60 MW ou... cceccscccssssecessesssccsssseseeees 

PLEO ORICIG  10 TW once. cccesevescccecconsestenscccavacssosccenss 

TRANSISTOR 


2N274 


Ge p-n-p alloy drift-field type used in rf and if amplifier, oscillator, mixer, 
and converter circuits, and in low-level video-amplifier circuits in industrial 
and military equipment. JEDEC TO-44, Outline No.14. Terminals: 1 - 
emitter, 2 - base, 3 - collector, Center Lead - interlead shield and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage o.......ccccccescscsssssasssceccssssssssssssscees 
Collector-to-Emitter Voltage (Vpm = 0.5 V) owe 
Emiitter-to-Base Voltage .u........ccccccccccscsssssssscccsssssssssscccssssserreces 
Nem ORR Ata NMOS ers aera <a Sncc i czscocsacdcsscoccoacvossveyeccesesseosecasaseossence 
RMI UE OSNING oon ood accdcapcacscanveysscovccincrcacasncsocacnesnsccivasoncosheetacece? 
Transistor Dissipation: 

LET pg ie geal ar ree sal pe Re Rei See ee ee 

mR to occ Secicc ns cer boo cb tan ac de sas ons edhe aces bebe xosdan esdoaenvoxs 

kes to Com WA Chaat, SITIK )~ sc .cissscvocscocsussSpesechceeeonsesscetoatvate 

TAmeuOwe eos (with HDEAat. SINK) ~ ogee. ci.s..deececeeccescee 
Temperature Range: 

Operating (Ta) and Storage (TSG)  ...cccccccccccccssccseseees 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

RON ees IUES 5 Raat, OO). sacs vbsssccontctscntdeceicodnetceosot lic ee 
Collector-to-Base Reach-Through Voltage 

PE ee oe occ ss cninscpccinessnasvow successes cacscsos ers Ce cracoskeces 

Collector-Cutoff Current (Vcs = —12 V, In = 0) ......... 
Emitter-Cutoff Current (Vrs = —0.5 V, Ic = 0) uuu. 
Small-Signal Forward-Current Transfer: Ratio 

(eee e/a) Vce ——12 V, Ip’ 1.5 MA) iii 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcp = —12 V, Im = 1.5 MA) oe 
Output Capacitance (Vcs = —12 V, In = 0) on. 
Input Resistance: 

Went 2, Vi Im) "1.5 mA, f= 12.5 M/S) ..2hcccescccese 

Vea ie V, ip = 1.5 mA, ft = 1:35 Me/s8 ee. 


VBR) CBO 


Vr 
Icso 
Izzo 


hte 


fnep 
Cobo 


Rie 
Rie 


120 


mW 


See curve page 112 
240 


mW 


See curve page 112 


—65 to 100 


—40 min 
—40 min 


—12 max 
—12 max 


20 to 175 


30 
3 max 


150 
1350 


°C 
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CHARACTERISTICS (cont'd) 
Output Resistance: 
VV Gp 122 Te em A B12 MIC/S) cee eonessorecse 
Wien 12 Via le 5 A Ba MIC / See crcccrereces 
Power Gain: 
Ven — —12 V, Iz = 1.5 mA, f = 12.5 Me/s ...............0 
Ven = —12 V, In = 15 mA, f= 1:55 ‘Mc/s ........2.:,.00 
Thermal Resistance, Junction-t0-Case 2................eessceeseeeeee 


Thermal Resistance, Junction-to-Ambient 


Seccceseceseseceoeseseee 
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TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N274 
COMMON-EMITTER CIRCUIT, BASE INPUT. 


COLLECTOR MILLIAMPERES 


DC Collector-to-Emitter Voltage 
DC Emitter Current 
Source Impedance 
Capacitive Load 
Frequency Response 
Pulse-Rise Time 


Voltage Gain 


-24 


4000 
70000 


17 to 27 
40 to 50. 


Q 
Q 


dB 


dB 
0.31 max °C/mW 
0.62 max °C/mW 


-26 


92CM-9418T! 


20 c/s to 9 
0.039 


26 
20 


volts 
volts 


100 to 300 pF (variable) 
100 uF, 12 volts 


20000 ohms, 0.25 watt 


3600 ohms, 0.25 watt 


2000 ohms, 0.25 watt 


62 ohms, 0.25 watt 


-2 -4 -6 -8 -10 -l2 -14 -I6 -18 -20 -22 
COLLECTOR-TO-EMITTER VOLTS 
TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT 
NA kee pe arnt RINE alr Vcr 
eh CAE Ae eet l,m RRR A Tie mld Ir 
CEE Eee hae ue Ve Rr ONE Ene MANS AS  eURT in an a Rs 
CR rae et eee TS 
Maximum Peak-to-Peak Output Voltage cccccsscsssse 
-28 VOLTS DC 
R3 

C2 OUTPUT Cy oe 

ar (Opes PA TO AS 
pe ote 
CENTE sige 

cer = 307 ret 

t R, = 
Rie 
R, = 
i R, = 

3 R, = 620 ohms, 

C4 


92CS-10394R! 


0.25 watt 
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POWER TRANSISTOR 2N277 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuit; and in low-fre- 
quency oscillator and audio-amplifier service. JEDEC TO-36, Outline No.11. 
Terminals: Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and case. 
This type is identical with type 2N173 except for the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (Vse = 1.5 V)_ ou... Vecsv —40 V 
AD TLETEEO = ENASC WV OLLAZ CE —~.1ic.c..0.cbseveesccecexceecces'sevevssossiaccceCenceluess VEBO —20 V 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Nicer PN ES) a On oak ccs sacaconcsecoonoenascasenensihicseacniespavscs V(BR)CES —40 min V 

Neue —ammeme MPN Cree Drs Be (NE) ek OS ccvhc eden cune ch Shas Sotceckcavacebinfecersesbbondens Vr) cro —25 min V 
Collector-to-Emitter Saturation Voltage 

OR Nag A acc ck cvaasstvie beseovesovaiocse les dosscancteasetes Vcr (sat) —0.3 Vv 
Emitter-to-Base Voltage (Vcsp = —40 V, Im = 0) ........ Ves —1 max V 
Collector-to-Emitter Reach-Through Voltage ............... Vrr —40 min Vv 
Collector-Cutoff Current: i 

Wier me AUN E yO, TG 259. iissssscsnscosocsessesecesscacecsees IcBo —4 max mA 

Wier a Ovi 0, EG =) FLCC. cides Seckeccscssndanctttevoosencke IcBo —15 max mA 
Emitter-Cutoff Current: 

WADE SS =a2{1) Me SUC eis Eee | eee tar eRe pen Miah re Izzo —l1 typ mA 

AG SRO Ese ae OM AID CS OE oo Soo dec cscccc cenoncavoavecocsecsesneldasarncoccowece IrBo —4 max mA 


TYPE 2N277 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


(0) -5 -10 -15 -20 -25 -30° -35 -40 
; COLLECTOR—TO-EMITTER VOLTS 92CM-l0725T 
POWER TRANSISTOR 2N278 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-switching, and relay- and solenoid-actuating circuits; and in low-fre- 
quency oscillator and audio-amplifier service. JEDEC TO-36, Outline No.11. 
Terminals: Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and 
case. This type is identical with type 2N173 except for the following items: 
MAXIMUM RATINGS 


Collector-to-Base Voltage (VBE = 1.5 V)_ wueecessssecees Vcsv —50 Vi 
PETIA OG= LOS DASE Lh VOLLA LCi cssecssccorssessdsarapetsttonsecsccesseasdsvcoionoesoacnes VEBEO —30 V 
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CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 
De ie | Yes Pie: Ue ge re eae errr toser en chase MPD occa VpeR)CcES —45 min Vv 
j (cia lie: add heal | Renmei et ere koro Per EN ee VsrR)CcEO —30 min Vv 
Emitter-to-Base Voltage (Vcn = —50 V, Im = 0) .......... Ves —l1 max V 
Collector-to-Emitter Reach-Through Voltage ................. Vrr —50 min V 
Collector-Cutoff Current: 
Von = —50 Vy. Tm = Oy Te TPC canccne. cc csssenccesessssneseasoees Iczo —4 max mA 
Wop 0 View Le as ONO TG 2 SC wiriseeaincccs conte ctacseanbanasbece Ico —15 max mA 
Emitter-Cutoff Current: 
gee al aera crate cesent grciseins ehacnanteontoenpuceraneens InBo —1 typ mA 
Vines OV ah La, Oar care cbeerece acct actacnctcckocesdctae ce ndobcenssbassoon Izzo —4 max mA 


TYPE 2N278 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


0 -10 -20 -30 -40 -50 -60 
COLLECTOR-TO-EMITTER VOLTS 92CM-10738T 
2N351 POWER TRANSISTOR 


Ge p-n-p alloy-junction type used in large-signal af amplifiers in class A 
power-output stages and class B push-pull amplifier stages in automobile 
radio receivers. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - 
emitter, Mounting Flange - collector and case. This type is identical with 
type 2N176 except for the following items: 


CHARACTERISTICS 
Static Forward-Current Transfer Ratio (Vcr = —2 V, 

Be Oe 0a A) ccc caves seers cooste teeth reees doa sesoaarectsocandete#suveseuacusertteanss hre 65 
Small-Signal Forward-Current Transfer Ratio 

(f = l-ke/s, Vow = —2 V, To = —O.7 A). cccccorceccrccecoees hfe 45 
TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DE» ColleCtor=Supply SVOlt aS Ga cicinccecsccstet- tee: cere treteucccvcoenctveetes Vcc —14.4 V 
DC Collector-to-Emitter Voltage wo... ccc ecsssssescrreeeeseeees VcE —13.2 V 
DC Base-to-Emitter™ Voltager i..ii.cccscss..sscselotesctecnsascoheatt ees VBE —0.3 V 
“Peak S@olMeCtOrmGurvemh dpivssncdcstaocsasseventtee sescoele ssedetocitesentacnets se ic (peak) —1.4 A 
Zero-signal VCollector’ Current sors. cecutcnseecetcscssscstecnssectsunaaseas Ic —0.7 A 
HIM TCERAVESISTATI COM Tc secthesreatcattecschcretaccecetentecceecsccctetteeensetescattens 1 Q 
Loads pPniped ance stices.. Sot ee eee oie ee aot sk detente bas Rx 15 Q 
Signal SRTEGUCH OY oc hci cececincek Buitpedeadieascicccastvaientstaccmene tee 1 ke/s 
SiPNal=SOULCE= LM PEGANCO Ty ooo srsrcacccccnswosencecgoieeaewesveserettpececieen? Rs 10 Q 
PowersiGain Fetes ae. Sa ch ee ee MUG 33.5 dB 
Total Harmonic Distortion (Poe ==. .4 W)  ccccrssscccssredsonnsse 5 % 
Zero-Signal Collector Dissipation  .............cescsscesscecseeeeeeeees 9.25 WwW 
Maximum-Signal Power Output o.....cccccescsesseeeeseeseeneesees Por 4 WwW 


2N370 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf-amplifier service in AM 
broadcast-band portable radio receivers and short-wave receivers. JEDEC 
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TO-7, Outline No.4. Terminals: 1 - emitter, 2 - base, 3 - interlead shield and 
case, 4 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage Vcso —24 V 
Emitter-to-Base Voltage ..... VEBO —0.5 V 
Collector Current .........000.0... Ic —10 mA 
a MEET ort cc asics ssi <s0cb fens ssoesevovasvseveevdovevavievevseeceedsouanie, Iz 10 mA 
Transisto 

As 26 Pr 80 mW 

Tk =" 55° Pr 40 mW 

eR eo dns oon 3ands oniionnnadacouceuis evedes svaevssiovedsaatescbeusaen Pr 20 mW 
Temperature Range: : 

PETITE SCN RTPIOICTIC) | 5..0....00c0<-0lasdeuvat vane siveudhoveosvetocseosevoesscsos Ta (opr) —65 to 71 °C 

Seen soon cscs seicinesccowveuverks ose cueen cdobeowneboudoane Tsta —65 to 85 SC 
CHARACTERISTICS 
Collector-Cutoff Current (Vcs = —12 V, Im = 0) ......... Icso —10 max LA 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) ........ Izzo —12 max LA 
Static Forward-Current Transfer Ratio* (Vcxn — —12 V, 

Nh oct cheh oricb cs cov coastouenoccocoosnscoc ceiling hrr 60 typ 
Gain-Bandwidth Product (Vcr = —12 V, Ic = —1 mA) fr 132 Mc/s 
TYPICAL OPERATION 
YAS HULSE ie Pet ati it ase ne IR f 1.5 20 Mc/s 
DC Collector-to-Emitter Voltage occu Vcr —12 —12 Vv 
DC Collector Current .......ees as te) 1 1 mA 
PAG UG i ERCSISUATIGCOE ss-ccccecrecseceoescntlcccee abe Rs 1750 100 Q 
Output Resistance... eee Ru 180000 11000 Q 
Maximum Power Gain ............ Secceseeeeee MAG 50.5 17 dB 
Maximum Useful Power Gain 

UE SE. 0) Et ga RR tle IS I A ee aR OER MUG 31 12.5 dB 
Intrinsic Transconductance gm 37800 13700 umhos 
Collector Transition Capacitance 7 BE p 


TRANSISTOR 2N371 


Ge p-n-p alloy-junction drift-field type used in rf-oscillator applications in 
AM broadcast-band battery-operated portable radio receivers and short- 
wave receivers. JEDEC TO-7, Outline No.4. Terminals: 1 - emitter, 2 - base, 
3 - interlead shield and case, 4 - collector. This type is identical with type 
2N370 except for the following items: 


TYPICAL OPERATION AS AN RF OSCILLATOR 


The 2N371 produces an oscillator-injection voltage for optimum mixing in an rf 
tuner circuit. If the collector supply voltage drops from —12 to —8 volts at a frequency 
of 22 Mc/s, the frequency provided by the oscillator stage will deviate from 22 Mc/s 
by less than 7 kc/s. 


TRANSISTOR 2N372 


Ge p-n-p alloy-junction drift-field type for use as an rf mixer in AM broad- 
cast-band portable radio receivers and short-wave receivers. JEDEC TO-7, 
Outline No.4. Terminals: 1 - emitter, 2 - base, 3 - interlead shield and case, 
4 - collector. This type is identical with type 2N370. 


POWER TRANSISTOR 2N376 


Ge p-n-p alloy-junction type used in large-signal af amplifiers in class A 
- power-output stages and class B push-pull amplifier stages in automobile 
radio receivers. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - 
emitter, Mounting Flange - collector and case. This type is identical with 
type 2N176 except for the following items: 
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CHARACTERISTICS 
Static Forward-Current Transfer Ratio (Vcr = —2 V, 

Kei CT 9) sora oes en saseecctenat sonaavencseeeeattconceewastsseesussnacenaccdéder hre 78 
Small-Signal Forward-Current Transfer Ratio 

(f= 1 ke/s,) Vow = —2 Velo = 0.7 A) cic. cecesesecens hte 60 
TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT (Tus = 80°C) 
DC Collector-Supply Voltage .....cccccccssssssssecscsccssssesesessseeeenes Vcc —14.4 Vv 
DC Collector-to-Emitter Voltage  ...........ccssscccccsssssseseessreees Vcr —13.2 V 
DC  Base-to-Emitter Voltage nn... .cccccssssssccrcsssssssscsssevseseeees VBE —0.3 V 
Peak! Collector™® Currents ois. caiidiestssconcasesevansssocsesstnasecncoesseontncsts ic(peak) —1.4 A 
Zero-Signal Collector Current ...........scsssccerrrcseerecceercesseeeses Ic —0.7 A 
Binitter GResistance sy 2a2.2k...csscisvercsceocsssactensvocescanesneseaotaccsadccnataenes 1 Q 
Lads TINMPOGANCO Lou; cseces conse onncsledeo aver deshadelonbapabceeinccragiotesstsaeeseeeh Ru 15 Q 
Signal: . FFOGHENC y. iyeicied cat ayesodk heosscsdaonaccazovenanntacpacopncchssnanseaponnens 1 ke/s 
Sigmal-Source IMPedance on.........ccssccsesccsssssesssscessnsenereceesneses Rs 10 Q 
Power) Gann cies aera chen ese enacensduatatetncdbteeetasevacetectoasess GPE 35 dB 
Total Harmonic Distortion .........ccccccssssccscsssecsssersrsssssssseseces 5 % 
Zero-Signal Collector Dissipation  .................ssecsseeseseerees 9.25 WwW 
Maximums-Signal Power Output onneciccscssccccsssrsoscssseeeeees Por j 4 WwW 


2N384 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-44, Outline No.14. Terminals: 
1 - emitter, 2 - base, 3 - collector, Center Lead - interlead shield and case. 
For collector-characteristics curves and video-amplifier circuit, refer to 
type 2N274. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ou... csecccsrcsssssrecccesesereesesanecssons Vcso —40 Vv 
Collector-to-Emitter Voltage (VBE = 0.5 V)  wccseccsccseeeee Vcrv —A40 V 
Emitter-to-Base Voltage  .....c.ccccccccsssccocssscssccnsscsscscsvarccnsscconns VEBO —0.5 V 
GOLIST ee CUT TON tiie ooioac ce eaeceeteo os teu osesveang ssesacd sen succaercanneretevsees cs Ic —10 mA 
Mymitter BCU en wy. coo. ococc ccs cdesssconccsccesccscssoceesscencvecceseseamdossosenaneas Iz 10 mA 
Transistor Dissipation: 

PT AIIG BO BON “ccc adsnacohecesachpea veh avaond ya deamnnsneaentese Suh eoetermsenees ace Pr 120 mW 

TTAee ADO VG cin Ce evcestockie tes ccouessttboccee decanter uaasseper slcscsoneusschecrseny ss: Pr See curve page 112 

Te = .25°C > Cwith - heat sink) © c.....cc...cicn. ccs ecsscosescsscensersens Pr 240 mW 

Tc above 25°C (with Neat SINK) -.........:.......cccccsecsscreones Pr See curve page 112 
Ambient-Temperature Range: “ 

Operating (Ta) and Storage (TsTG)  ......escccscsseeeeeseees —65 to 100 Cc 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —50 wA, ? 

Typ SO ain rea Soveccanes as sonncesttesachsscconesoibenidatabecat toh. Cuptieaiass (ats V (BR) CBO —40 min V 
Collector-to-Base Reach-Through (Ves = —0.5 V) .... Vrr —40 min aM 
Collector-Cutoff Current (Vcs = —12 V, Im = 0) ......... IcBo —12 max LA 
Emitter-Cutoff Current (Vrs = —0.5 V, Ic = 0) .......... IrBo —12 max LA 
Small- Signal Forward-Current Transfer Ratio 

(View ast 12 2 Net br THA) F ciciithaiabawsssccaserscisesceesesseases hte 20 to 175 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (Vcsp = —12 V, Ip = 1.5 MA) uu... eee fhep 100 Mc/s 
Input Resistance: 

cr = —12 V, Im = 1.5 mA, f = 50 Mce/s...................... Rie as 30 Q 

Viont "1275 V ele PbmiA,) f= 12-5 MC/S. ....ccccseeesocssee Rie 250 Q 
Output 1 - Resistance: 

Ven = —12 V, In = 1.5. mA, £:=: 50 M/S ..........ccccceeees Roe 5000 Q 
“eV cw 2a Ta 1 EA, Eo 125 Mee ls oi sstosnssetes Roe 16000 Q 
Output Capacitance (Vcs = —12 V, In = 0) ............. ee Cobo 3 max pF 
Power Gain: 

Vow —12.V 5. Te =. 1.5. mAs f = 5O0LMC/S 2 ......hesccspstere Gpe 15 to 21 dB 

View 120-9 1 5 RAST Ta MC/S) oe ereestonean Gpe 24 to 32 dB 
Thermal Resistance, Junction- tO=CASE o sssecsossceecsrcacencntnats Qs-c 0.31 max °C/mW 
Thermal Resistance, Junction-to-Ambient ..................... Os-a 0.62 max °C/mW 
TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage ..... r Vcr —12 Vv 
DC Emitter Current . Revs In 5.8 mA 
Source Impedance .... Rs 150 Q 
Capacitive Load ....... 16 F 
Frequency Response 20 c/s to 10 Mc/s 
Pulse-Rise Time ........ tr us 
Voltage Gain. ............... ; 26 dB 
Maximum Peak-to-Peak Output Voltage me 20 Vv 
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2N388 
2N388A 


Ge n-p-n alloy-junction types used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 


and case, 3 - collector. 
MAXIMUM RATINGS 


COC POC S ODS eee eee Eee Hee esesEsesenesese® 


SHOES OOOO CORO O TODS SEES ESSE SOO EEEO SESE ESOS EEE ESOS EOE SS 


Raz = 10000 0 ou... 
Emitter-to-Base Voltage 
ReMANO EMENN ER MEP TOTIG 556655 5oncceconceadsicscencsiccdveccioce: cocécecocosonces 
_ Transistor Dissipation: 

Ta up to 25° 
Ta above 25°C 


PPO RT CORES TEED ESO O TOES ESC EEEE OOOO SEES SEES EOE EEEH EHS SEES 


SORES OES O EEO O ESSE EEE OOS SEO OE DESEO EEE ESE OEEEEEEeEeeEHee® 


COCR OOOH HOE ee OeHeeeE eee eee eeeeereoeeseseses® 
Phe SITIO ererirer rer re rer rr ere reer ee ere ery 


CHARACTERISTICS 


Base-to-Emitter Voltage: 
In = 10 mA, Ic = 200 mA 
In = 4 mA, Ic = 100 mA 
Collector-Cutoff Current: 
= 20 V, Rszr = 10000 Q 
V, Vaz = —0.5 V 


POCO O OSTEO OOO HOODEO ODEO EE EEE HOES EEEEEeeEEEe® 


POCO STORE EEE DEE E HEE Heo eo eOeEEESEsEES 


SOC CHS EHO E OSD EOS OEE EEE EH OE EE EEE ES 


PO Ooo eoeoesseeseseeesseeseseeeD 


OOP oO ee eeesoeeerseeeeerseeeeesees 


Pee eer errr iv errr rr iii rir 


COCO Ceo Ooo eer Eee rE OEE EEE DES Ee EHOE EEE SEES E>EOOS 


Ves = 15 V, I 
Vines LV, 


SOOO TOO HOSE OEE OOOO COE OEEH EEO E TOOL EEE OOOO EEED 


Sooo ee eeoreserecosecscsseeseeses 


Coe eeeeeeseseseeessessssecescoes 


eercccce 


— 


A, 
Ine = —10 mA, Ic = 0.2 A, Ro = 100 Q) 


eoccccce 


COMPUTER TRANSISTOR 


Ts (opr) 
TstG 
TL 


2N388 2N388A 


25 40 Vv 
— 40 V 
20 —_— V 
15 15 Vv 
200 200 mA 
150 150 mw 
See curve page 112 
100 100 sc 
—65 to 100 $c 
235 235 ks © 
2N388 2N388A 
1.5 1.5 max V 
0.8 0.8 max V 
50 50max yA 
—_ 50max yA 
— 40max wA 
10 10max yA 
5 5S5max wA 
10 10max wA 
5 S5max yA 
30 30 min 
60 to 180 
5 5min Mc/s 
20 20max pF 
1 lmax wus 
0.7 0.7 max LS 
0.7 0.7max us 


2N395 


Ge p-n-p alloy-junction type used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 


and case, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .u....cccccccccscccsscssssssssscsscessesscsccscsseres Vcso 
Collector-to-Emitter Voltage (Raz = 10000 Q) .....0.0.... VcerR 
Emitter-to-Base Voltage ........c cee UbatuvsSchssdeedooactcotceratotetece VEBO 
ERP ROTM Geis Loci ass a vcsninote chen cveebaccvdytes cdeved occchsdelnes Ic 
Transistor Dissipation: 

PEM MMN ENN I Oe Bo. fou, Jaci waiidsuseseate cases coessicccctovhnceebusceth sics Pr 

RED Bos foccnn -taenssjeasscesudsssusneceskceemnsvebentousecenncccesoven cick Pr 
Temperature Range: 

Spe ANA ANNIE od eD ANUS WIIOTD ) 9 5550 Sache oho woy'200s dads aod dodnrck perce dhe eeacmenee Ts (opr) — 

eons ica cs ovonccsutccstonsaceecetesca.oekoceoenccetess Stoctaveondacens Tste@ 
Lead-Soldering Temperature (10 S Max) oeccccccccscsseeees TL 
CHARACTERISTICS 


SOPH OOST HOES OOOO OO EEE OTES OOS OLE E SOLO SOOO ODES SOOT SEES HESS OO OSE DEESOSEOE OOO OEE 


Vier)cBo 


—30 V 

—15 V 

—20 V 

—0.2 A 

150 mW 

See curve page 112 
—65 to 85 °C 
—65 to 100 °C 
230 °C 

—30 min V 


= 
Pra << 
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CHARACTERISTICS (cont'd) 
Emitter-to-Base Breakdown Voltage (Is = —0.1 mA, 

Tera Oe eae sia casts haces cecscentcnencinatetscessetsotehaccvteceedeeswerceses VR)EBO —20 min 
Collector-to-Emitter Reach-Through Voltage ............... Vr —15 min 
Collector-to-Emitter Saturation Voltage (Ins = —5 mA, 

O50 BID A i revcesec ens scaceliceececcccasercteceserobeseconucccouinsant sets seteesas Vcr (sat) —0.2 max 
Collector-Cutoff Current (Vcs = —15 V, In = Q) ......... Icso —6 max 
Emitter-Cutoff Current (Ves = —10 V, Ic = 0) ........... Irso —6 max 
Static Forward-Current Transfer Ratio: 

ers) SS SN Wo) eee Sg We eee RoC ON: hre 20 to 150 

View = —0.35 V5 1G = —200) MA ovncsecescosseresscesecosnccecsosecseees hrr 10 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcsp = —5 V, Im = 1 MA )....esecesccctscnsreseneees fnto 3 min 
Output Capacitance (Vcs = —5 V, Ic = —1 mA, 

= Cc s) pecccsccccccccscesecsecseeeesecccececseavecesesscecssoouscccccssoccesoosenee, Cobo 20 


2N396 
2N396A 


COMPUTER TRANSISTORS 


Ge p-n-p alloy-junction types used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 
and case, 3 - collector. This type is identical with type 2N395 except for 


the following items: 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage: 
Ree = 1000 2 
Base open 
Transistor Dissipation: 
Ta up to 25°C 
Ta above 25°C 


CHARACTERISTICS 


eoeesecseseoveseeseoees 


Pere reco rere sess seoe sees eesoeee 


Pecceseeercenseoeeseees 


Oo eeeoeeeerecoeeseseees 


Preeeerrie riers 


Preeer TT) 


Preeee eee) 


Poor ereeecesroeseceressceeessseseneee 


Collector-to-Emitter Breakdown Voltage 


(Ic = —0.6 mA 


,» In = 0)... 


Pee eeeeeeneecceccessseseeessesseeeeee 


Collector-to-Emitter Saturation Voltage 


c= 


(Is = —3.3 mA, 


OMA!) ies ccossstoteesgavceccts 


Collector-to-Emitter Reach-Through Voltage .... 


Collector-Cutoff Current: 
Vczs = —20 V, Im = 0) Ta 
Vcs° = —20 V, In = 0, Ta 


mnie Die Oy ae cecectenceesrecence 
mandi fl lnk OM Serer eee 


Static Forward-Current Transfer Ratio: 


Vcr = —1 V, 


Ic = —10 mA, 


Thess) 25°C: ona 


Von = —0.35 V, Ic = —200 mA, Ta — 25°C .... 


Vcp = —1 V, Ic = —10 mA, Ta = 55°C ........ 
Small-Signal Forward-Current Transfer-Ratio 

Cutoff Frequency (Vcs = —5 V, In = 1 mA) 
Delay Time (Vcc = —10 V, Ic = —10 mA, 

Tee Win An Tot IVA) itcrcestecsscsnsesetesteserscss 
Rise Time (Vcc = —10 V, Ic = —10 mA, 

Tei) 1k MA ole TEMA) Weer ilaiesccceetcotsees cscs 
Storage Time (Vcc = —10 V, Ic = —10 mA, 

Tet Pt pele =< — Le IAL) ares csstess cote ssetvese-sabees 
Fall Time (Vcc = —10 V, Ic = —10 mA, 

se a ee A a IMA) Be reseccvcrcrtesseticeestt concede 


2N397 


the following items: 
CHARACTERISTICS 


VBR) CEO 


Vcr (sat) 
Vrr 


Icso 
Icso 


hre 
hre 
hre 


fntb 


2N396 2N396A 


—20 


—20 
200 


Vv 
Vv 


mw 


See curve page 112 


2N396 2N396A 


—20 min 


—0.2 max 
—20 min 


—6 max 
—120 max 


30 to 150 


15 min 
20 min 


5 min 

0.1 to 0.2 
0.2 to 0.65 
0.25 to 0.8 
0.2 to 0.4 


COMPUTER TRANSISTOR 


Ge p-n-p alloy-junction type used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 
and case, 3 - collector. This type is identical with type 2N395 except for 


Collector-to-Emitter Saturation Voltage 


2 


5 mA, Ic = —50 mA) 


Static Forward-Current Transfer Ratio (Vcr = 


Ic = —10 mA 


Prerrererr errr rrr 


Small-Signal Forward-Current Transfer-Ratio 


Cutoff Frequency (Vcs = —5 V, 


In = 1 mA 


Pee mre seer eee eee eeseeeeeeneseeesesee 


hrr 


—0.2 max 


40 to 150 


10 min 


Mc/s 
us 
LS 
us 
us 


Mc/s 
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2N398 
TRANSISTORS 2N398A 
2N398B 


Ge p-n-p alloy-junction types used for direct “on-off” control of high-voltage, 
low-power devices such as neon indicators, relays, incandescent-lamp _ indi- 
cators, indicator counters of electronic computers, and similar applications 
in critical industrial and military equipment. Designed to meet MIL speci- 
fications, including mechanical, environmental, and life tests. JEDEC TO-5, 
Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 2N398 2N398A 2N398B 
Collector-to-Base Voltage... Vcso —105 —105 —105 YY, 
Collector-to-Emitter (Reser : Vcrs —105 —105 —105 V 
Emitter-to-Base Voltage ...........0.. .» VEBO —50 —50 —715 V 
Collector Current .........0... Ic —100 —200 —200 mA 
MENEI RR ACUMTCING $0 oo. iicrecdieseccsoedcscadvoccctasesecssesedoe Iz 100 200 200 mA 
Transistor Dissipation: 

PR MRR Mek Oh ae cde k causa cincessonceiduaesdadscesasecese Pr 50 150 250 mW 

ea Berean Nig Sek iccscisnaasccsoisdestcadasscpiseseds Pr See curve page 112 
Temperature Range: 

Operating (Ambient) © o..2...........ccccescccsssseees Ta (opr) —65 to 55 —65 to 100 eC 

Ren R EME Bid s8ee topos creases sassiecacosenssdeddvobresaccene Tste¢ —65 to 85 —65 to 100 ig @ 
Lead-Soldering Temperature: 

ENCES © ITB Savi. ws bsiiesecs setdesccscecesesonddsoesios TL 230 — 250 °C 

PM AUDA osc ccs udevacecassomerdssdscctesinesonceee TL - 250 — eC 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

iter Od AIAN, La Oe jo ccseccscvescteceicensnvces VBR) cBo —- — -—105 min V 

Pere INL, LE 0. -..c.secdncsvarocccsvecveve V(BR)CBO —105 —105 — min V 
Emitter-to-Base Breakdown Voltage ‘ r 

ee Oe TIA, 10) = 0). <.....ccscsnsvasvacescnine V(BR)EBO —50 —50 —75 min V 
Collector-to-Emitter Reach-Through 

Pilea cs dance oraninanssatiomnyswrsca-veapsiecedcadcont Vrr —105 —105 —105 min Vv 
Collector-to-Emitter Saturation Voltage 

(Io = —5 mA, In = —0:25 mA) ............ Vcr (sat) —0.35 —0.35 —0.25 max V 
Base-to-Emitter Saturation Voltage 

(Ic = —5 mA, In = —0.25 mA). ......00000 Vzx (sat) —0.4 —0.4 .—0.3 max Vv 
Collector-Cutoff Current: 

Vcr = —105 V, Raz = 0, Ta = 25°C .... Icus —600 —600 —300max wA 

Vcr = —55 V, Raz = 1000 O, Ta = 25°C Icur —_ — —300max yA 

Gee ee VI 0, Ta = 28°C ose: Icso —14 —14 —6max pA 

Ving ——105 WV; Tm =="0, Ta 25°C wiccosce Icso —50 —50 —25max ywA 

Wena V, ie = 0,.'Tass TFI°C 0003. IcBo — — —300max yA 
Emitter-Cutoff Current: 

ANGID (Sos! = = 2455) re Ug lee a0 Izzo — — —6max pA 

Woy Ss Sa) Sl Fo erent | Re Irso —50 —50 —max yA 

RU iesmeen ine a Oe eB HO) my. fos ccxsasacebsccecevesesesues IzBo = — -—50max pA 
Static Forward-Current Transfer Ratio: } 

Wega ees Vs LOS 75 MAH. ccs hrp — — 20 min 

Were —0 302 V7 1G == = 5 MA Be: hrr 20 20 — min 
Small-Signal Forward-Current Transfer 

Ratio (Vcr = —6 V, Ic = —1 mA, 

i nao hoes vied’ sassecedcancvocerecctgcrecenee hte 20 40 min 
Small-Signal Forward-Current Transfer- 

Ratio Cutoff Frequency (Vcr = —6 V, : 

INIA a Bi hoa cards piso patasonns dona he omcsh fhep -—~ _ 1 max Mc/s 
Thermal Resistance, Junction-to- 3 

CS Ss ee ee ee Qs-A — 0.5 0.3 max °C/W 

COMPUTER TRANSISTORS 2N404A 


Ge p-n-p alloy-junction types used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. 
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MAXIMUM RATINGS 2N404 
Collector-to-Base. Voltage .......cccccsscscessssecsereseneeenters Vcso —25 
Collector-to-Emitter Voltage (Vpn = 1 V) ......... Vcry —24 
FEMILCCT-LO=D ASC! VOLLA LE alec ccesececccscsect sasccscccseetocessoscase VEBO —12 
GOWECTOR GUILT C1 Gr cictiercrccterececchocttccescstecctotcceccstecsressesses Ic —100 
Emitters Curren tates 8 tn costeerticctteceetiecrvacesnesgnnetitveressere In 100 
Transistor Dissipation: 

EAU CO eed Cs erect se ee coca cece cesccs-tuccssceucnstosansavsgcsarecsscors Pr 150 

AWA SSs GIN OF sete tenner cet pepe canines eae nnpeancce aor Pr 715 

Ae aad Ln Gs RAs ce cece nt, tects sdesecteasesteerees secoeesseotereesesasee Pr 35 
Temperature Range: 

Operating = (AMDIENT) Fo iocicrcc.cecovsrncccnccssestsa-cccasoosess Ta (opr) —65 to 85 

S COLAC Rate reece re trae etree rete reenter eceeeste ener TsTG —65 to 100 
Lead-Soldering Temperature (10 s max) .......... Th 255 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Tor 8 — 0102 Ae Te 0) ionciencscsteicssccsstevssasvestctese VBR) CBO —25 
Emitter-to-Base Breakdown Voltage 

(Tn 80-02 VAS 16) = 20) arcice ct occcesoccencscccteaestets cose VBR) EBO —12 
Base-to-Emitter Saturation Voltage: 

Vegas 12 Brn Agee ee 04 Ae eee ce Vax (sat) —0.35 

RG Ss ——24 SM AS a IAL Listens srecerctetecterterteecs VBE (sat) —0.4 
Collector-to-Emitter Saturation Voltage: 

Rope — 2A DO 4 A rere ee eee eens Vcr (sat) —0.15 

Tet = 24 om Ash Ips 1am A Phish oc ckicecvteestsstencnsee Vcr (sat) —0.2 
Emitter-to-Base Reach-Through Voltage 

a oc 5, ees OR Wyse Taira Sea oe cere te tate Cer a me ae Vrr —24 
Collector-Cutoff Current: 

Vcs = — MeL ==) 0; PEAS 6205 C cscscoee tess Icgo —5 

Vcs = —12 Vv; TV OMe ae ==) 80°C caacacccotecrses Icso —90* 
Static Forward-Current Transfer Ratio: 

Viewy== 00:2 i Vi see =; 24M A ssn cetegst neue cvcsssiereenes hrr 24 

WV emg Os SV yl ee LAA MA eis a iieckececceecease hre 30 
Small-Signal Forward-Current Transfer-Ratio 

Cutoff Frequency (Vcs = —6 V, Ic = —1 mA) fntb 4 
Output | Capacitance: 

CR — Ti Oe W see Lees On ces scteces stesso tee ceee ee nnnane Cobo 20 

Vcs = —6 V, Ic = —1 mA, f = 2 Mc/s ......... Cobo o 
Thermal Resistance, Junction-to- peat Moateans Os-A 500 
Stored Base Charge (Ic = —10 mA 

WG come eats [so 2) NAR ri Ye AI I 5k oO i TR Qs 1400 
* This value does not apply to type 2N581. 

2N405 TRANSISTOR 
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2N404A 

—40 V 
—35 V 
—25 V 
—150 mA 
150 mA 
150 mW 
90 mW 
60 mW 
—65 to 100 eC 
—65 to 100 [Cc 
255 SG 
—40 min V 
—25 min V 
—0.35 max V 
—0.4 max V 
—0.15 max V 
—0.2 max V 
—35 min V 
—5max yA 
—90max wA 

24 min 

30 min 
4; min Mc/s 
—max pF 
20max pF 
500 max ochw 
1400 max pC 


Ge p-n-p alloy-junction type used in low-power class A af-amplifier appli- 
cations in battery-operated portable radio-receivers. JEDEC TO-40, Outline 
No.13. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base * VOlta ge Ak. ris. Sinosastesceescnbiecnacsstatetes tescenes cece 
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage 
Collector Current 
ISTUIGL CL CHILTON Gece ceecrsccasesscstpeses Retioncccscerscerome icc cies ramen caee 
Transistor Dissipation: 

UW case PASTE 

Ta 

Ta 
Temperature Range: 

Operating (Ambient) 

Storage 


ORR e Ree eee eee Heese eens reassess Tees eeee eee Heese 
ORO eee eee ee Hee Oee OOOOH EEE EES HEEE EOE SEES HOe ESE HHEeES 


SRP e eee eee eRe e eee eee Ener eee RHEE EEEEH een THe E DEMO SEES HOHE SESE EOOE SEED 


PROS O Hee EERE eee HE EEE ESTE EHD HEHE eHeE EHS OEE EH HOES EEE s BOSH EEEH HEED ESHHESESHEEEED 
POOF HOSE OSH OEE OE eHHE EEE HEEE ES OE SEES OHOHEE HEH ETE OEE TEEEEET SETS OHS EHEOEHEED 


HAO R ee Reece Dee ee eee ee Ee EOE Eee OOEe Her Eee T EEE THESE ESTEE OSES OEOESEHEEEE EEE ED 


TROP eee eee ewww Tree eee eee es eeTE SHEE EHOE OTHE ESHEETS EOEHEeE® 


SOF Re HO OOeeO OTe EOE EOOE OE EEE EE EEeeEEees Houses HOSE HEE THESES EETTEOESEHSEOSESEOOEEEEE ES 


CHARACTERISTICS 


Collector-Cutoff Current (Vcs —12 V, Iz 

Emitter-Cutoff Current (Ves = —2.5 V, Ic 

Sha skh -Current Transfer Ratio (Vcr = —6 V, 
BR 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Vcs = —6 V, Ic = —I MA) -on...c. ee eeeeee 

Intrinsic Transconductance (Ver = —6 V, In = 1 mA) 

Power Gain (Roe = 8500 Q, Rie = 750 Q) 


—— BEAL J secnerccnescscrasevceserecensast asses esses sees sees ses seas eeee esse eseewesteees 


Peewee eeerereerrsees 


Vcso —20 V 
Vcro —18 V 
VEBO —2.5 V 
Ic —35 mA 
Ir 35 mA 
Pr 150 mW 
Pr 50 mW 
Pr 20 mW 
Ta (opr) —65 to 71 °C 
TstG —65 to 85 bc @: 
Icgo —14 max LA 
Inso —14 max LA 
FE 35 

frtb 650 ke/s 
gm 37500 umhos 
Gpe 43 d 
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TRANSISTOR 2N406 


Ge p-n-p alloy-junction type used in low-power class A af-amplifier appli- 
cations in battery-operated portable radio receivers. JEDEC TO-1, Outline 
No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type is electrically 
identical with type 2N405. 


TRANSISTOR 2N407 


Ge p-n-p alloy-junction type used in class A amplifiers and class B push-pull 
output stages of battery-operated radio receivers and af amplifiers. JEDEC 
TO-40, Outline No.13. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


AOE BO SASSO ~ VOILA SE ob oiceccsdecccascdecescconselNeesvoctcincccecssoosssed Vcso —20 V 
Collector-to-Emitter Voltage ..............cccsccccscsssccosssscessscsssosocees VcrEo —18 V 
Emitter-to-Base Voltage o...cecccccceeccccssssssssscssscssscsccccccccsececesssece VEBO —2.5 V 
AE OULOC COTO UIE OING eA 2e Se Sesewee an ea S dads Cau epaseedosed db oaseaaeenads ovens Ic —70 mA 
SESS Sa 2 2 0S eR Con ee oy ee In 70 mA 
Transistor Dissipation: 

POM MRM Da GaN ac cote cto al nics shea vated ved geeuaseads suddatd acctace oascTacaeaies Pr 150 mW 

SUN, SS SS Sa ec I se re tore ne et anes Rr aT ng Pr 50 mw 

Jb Ot Os ae eee tee BR ee ETT eee NPY Pa air ETT Pr 20 mW 
Temperature Range: 

RERMRME MEIC APU TPIDICTIE ) cnc... cocrvanosaptsessteStonencsac ose ccastecacodagecssacs Ta (opr) —65 to 71 SC 

SSROT RT YELENA Ne FE lei eg Ste Be TstTG —65 to 85 ss Os 
CHARACTERISTICS 
Collector-Cutoff Current (Vcp = —12 V, Im = 0) ........ IcBo —14 max LA 
Emitter-Cutoff Current (Ves = —2.5 V, Ic = 0) .......... IrBo —14 max LA 
Static Forward-Current Transfer Ratio (Vcr = —1 V, 

PE GMiiee aM UTED) WI 20 Soc shee ccGanonccsuccccesoness Botece re usdoueeed eos ackcnscnogeoctes hrs > 65 


TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 


(Values Are For Two Transistors Except as Noted) 


DPCeCollectorns Supply Voltage: «....:......0.cce.scessseessecees Vcc —4.5 —9 V 
Base-to-Emitter Voltage oocceccccccccccccccccscccscsccssccceeseees VBE —0.15 —0.15 V 
Peak Collector Current 

CAD DEOXS We uDEr) LLANSISCOL /\.....5..ccesceoocccuveniescecssosdsens ic (peak) —35 —40 mA 
Maximum-Signal DC Collector Current 

CADPDIOX.) “Per TFANSISTOL | s..5..cc.ccsecicasckepesccpvaceadeces. Ic —11.5 —13 mA 
Zero-Signal DC. Collector Current 

CADPLOX-)) Per. tLANSISTOL <..........cccocecceosccsacsecsseedeoee Ic —2 —2 mA 
Se ICTIO Yoo cones cach cas sncsssuceoncccevRudvesessoascceseucte 1 1 ke/s 
Signal-Source Impedance per base ....e......cceeeeeeeee Rs 375 375 Q 
Load Impedance per collector wocceeceeeeeeeee: Ru 100 200 Q 
LER ee (CPE WY ape ie 5 ea aii 4 aN eg a GPE 30 33 dB 
EMO OU E, LOTITTS 1) OX kien een eee a eR Re PO 7) 60 69 fo 
Leet at OMe ) DistOrtiony © 1.0)22..6...<bdcsconceceedosczecncons * 10 max 10max % 
Maximum-Signal Power Output ou... eeeseeseees Por 45 160 mw 


TRANSISTOR 2N408 


Ge p-n-p alloy-junction type used in class A amplifiers and class B push-pull 
output stages of battery-operated radio receivers and af amplifiers. JEDEC 
TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type 
is electrically identical with type 2N407. 


TRANSISTOR 2N409 


Ge p-n-p alloy-junction type used in 455-kilocycle if-amplifier service in 
battery-operated portable radio receivers and automobile radio receivers. 
JEDEC TO-40, Outline No.13. Terminals: 1 - emitter, 2 - base, 3 - collector. 
This type is electrically identical with type 2N410. 
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IN410 TRANSISTOR ; 


Ge p-n-p alloy-junction type used in 455-kilocycle if-amplifier service in 
battery-operated portable radio receivers and automobile radio receivers. 
JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage Vcso —13 V 
Emitter-to-Base Voltage ...... net VEBO —0.5 V 
Collector Current  ..........cccccssssssees ae Ic —15 mA 
FOMMit tere Current © teicessesecsacecsvsas oapincagseabetevecss cancun ibasanuhr tees ttaredseeneete In 15 mA 
Transistor Dissipation: 

Are a= g7Aa pd Ole). a PRATER ASEAN Bp RL ep rae RRR ain A en Pr 80 mW 

BK a I Oe ap 38 So res altima is dpe teal terse tack fess san fie As 2 Pr 35 mW 

fbf ation OA jo Nee ee ees oe ban Ras 2) RA Atos mee Med T/ Pr 10 mw 
Temperature Range: 

Operating (CAMDEN ti saeco sins ovcossrccasecceteesvacseretecsetheazetcateces Ta (opr) —65 to 71 4 & 

SOLAS OR errr eee ee eae ean deae toca si ottaadestavscsasszevecesesees Tste@ —65 to 85 aC 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —10 yA, ‘ 

In (15) Weaoeltnee aa Hane pele iy orien setts * ORR M Ne cetera ela ES V(BR)CBO —13 min V 
Emitter-Cutoff Current (Vase —0.5_V, Ic = 0) Gc: IzBo —12 max LA 
Collector-Cutoff Current (Vcs = —13 ve Er == Oy eee Icgo —10 max pA 
Intrinsic Base-Lead Resistance (Vcr = —9 V, 

Beier Se SeYED AS gece cece acto cs cetecer ceaetoes oncdeceoeac secre sedenecoeeduracenecmette Ybb 75 Q 
Static Forward-Current Transfer Ratio: 

BY £005 Verses Je (acd Bo fesse | Us pe 6 2 Cage Ae ae We sae aR ape are hre 45 

MV Cis oe Va LS TINA, ccc crsseceecerecenescotcoenicesencetooms hre 48 
Small- Signal Forward- Current Transfer-Ratio Cutoff 

Frequency: 

ViGi a —— 98 View ==. 025 5 MA ae cocrceceet tiresnce ccocdtesteeceocstactoees 6.8 Mc/s 

IV Cy a SV ed Ba INA cet eee oeare ee ame occoeeaeen etosceme soi seecever fneb 6.7 Mc/s 
Gain-Bandwidth Product (Vcr = —9 V, In = 1 mA) fr 14 Mc/s 
TYPICAL OPERATION IN 455-kc/s IF-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage oo... Vcr —9.0 —9.0 Vv 
DCPCEmMitterRCurvent) oho eee ecco tease In 0.5 1.0 mA 
Inputh Resistancec ss. See eee ae Sa ee Rs 1000 500 Q 
OutputieResistancei sce. ves ree eee Ry 70000 30000 Q 
Maximum Power Gain (Approx.) woececcccceseceeseess MAG 38.8 37.8 dB 
Typical Spot Noise Factor (Approx.) ou... 4.5 4.5 dB 
Useful Power. Gain® (Approx.): ..ccccclicccscccccoseesccooese MUG 28.4 31.2 dB 


2N411 TRANSISTOR 


Ge p-n-p alloy-junction type intended for converter and mixer-oscillator 
applications in battery-operated portable radio receivers. JEDEC TO-40, 
Outline No.13. Terminals: 1 - emitter, 2 - base, 8 - collector. This type is 
electrically identical with type 2N412. 


2N412 — TRANSISTOR 


Ge p-n-p alloy-junction type used in converter and mixer-oscillator appli- 
cations in battery-operated portable radio receivers. JEDEC TO-1, Outline 
No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage Vcso —13 V 
Emitter-to-Base Voltage 0 VEBO —0.5 V 
Collector Current._............... “A 8 Ic —15 mA 
Emitter Current. ................. : Iz 15 mA 
Pr 80 mW 
Pr 35 mW 
_Pr 10 mW 

Temperature Range: 
Operating®; (Ambient) 4a ees tees Ta (opr) —65 to 71 a= 


SCOP ree ai ess Kiteal sadonss Reckstoke tendered Wateac rotten teccbusaevibke tae ae Tsta —65 to 85 °c 


Technical Data for RCA Transistors 


CHARACTERISTICS 
ae Breakdown Voltage (Ic = —10 wA, 

IDNR GET oo sare che coe eacasene Tita sescrecovegetceoanssetteesoadcnscétccecleree’s 
Collector-Cutoff Current (Vcs = —13 V, Im = 0) ou... 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) ......... 
Static Forward-Current Transfer Ratio (Vcr = —9 V, 

RTT TILA J, Poe's, <5 ecccesrocescaawavandscacasenaccatevcedcactcesucotoeenctoce 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Prequency (Vcs.— —9°V, In = 0.6 mA) ................05 
Gain-Bandwidth Product (Vcr = —9 V, Im = 0.6 mA) 
Intrinsic Base-Lead Resistance (Vcr = —9 V, 

EMU QMEITIAAS) LC e100! s esc c soe esoe tac chiiesde vesescocsiaacucetoeetenvatedbeoecseieccs 
TYPICAL OPERATION .IN CONVERTER CIRCUIT 
DC Collector-to-Emitter Voltage oo... cccsssceecesseeeesees 
WCE LOMO UIT ONE: <5.co5.2. 20,0 scseicssar ees daceeeceohodaceatantcteeheeeitenen 
POU MEC EIS LATICE Coen. noc ete tc cette sesscck soe hese rr 
RpmUa Ne em SOPRTTC Eee oo scccscn ee snassie dav scccodeouesecseduoceaseustoveccece 
RMS Base-to-Emitter Oscillator-Injection Voltage 

PCAN I OALCE Net Sorc 2c<<S8c as nouns cece act te esuspenn truss toscassteee eee ecko te ae 
Ra TENO TICS cos .ooc.cacuss cases ssevencccnavevcedevtekeoosevabne coonencveeducees 
Useful Conversion Power Gain (Approx.) ou... ccc 


COMPUTER TRANSISTOR 


VBR)cBo 
Icso 
Izzo 
hre 


fitn 
fr 


Ibb 
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—13 min V 

—10 max LA 

—12 max LA 
715 

10 Mc/s 

16.5 Mc/s 

85 Q 

—9 V 

—0.6 mA 

700 Q 

75000 Q 

100 mV 

1 Mc/s 

32 dB 


2N414 


Ge p-n-p alloy-junction type used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 


38 - collector. 


MAXIMUM RATINGS 


COMECTOL=tO-BaSe VOLTAGE oiccccieiiicccecscscoccsorceccceesievcnoveccsssovees 
Collector-to-Emitter Voltage: 

WALES TY Ss“ Rea a ER 

JSEAGYS: SY ESO 1 S Shao SRR MRR AS tre BONES a NEP NER, Pea S Us  e 
AGDELCEN LO =D ASC > VOILA LE. —o...0isecovcsecsccsscnccessosceoocncebecoccecaoconsatecere 
OOMGE LO te CULTOTIG. (oc.vecsdscoe ccsccacsciaedenecnocen ties oes eea ee aa Se eaaR ea ae 
Transistor Dissipation: 

ALIN (USS) 180), 22S Cae epee eae au tine nt Ain aes ep Oe ea A i oe aR ar 

ema Pier Gsm ate ee Sl fel bans ees el ots eda 

SUPA ta Ly es Orbs c sive ck saoass wah oe ooh ulscc'esGeah dessus sbahadiaviversorecestscteatcsist sees 
Ambient-Temperature Range: 

Operating (Ta) and Storage (TsiG@)  ccccccccccccssccssscsesees 
Lead-Soldering Temperature (10 S Max)  ....cccccsceseeees 
CHARACTERISTICS 
Collector-Cutoff Current (Vcs = —12 V, In = 0) ......... 
Emitter-Cutoff Current (Ves = —12 V, Ic = 0) ....... 
Small-Signal Forward-Current Transfer Ratio 

Wen ee ou tes mA, fo 1 ke/S) Le. oaks 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Preauency, (Vcp — —6,V, Im ==. 1 MA) Xi.......ccccossecschoctooes 
Output Capacitance (Vcs = —6 V, Ic = —1 mA) ........ 
Small-Signal Short-Circuit Input Impedance 

ieee Vin — 1 mA; f= "1 Ke/s)? ik feats 


Small-Signal Gpen-Circuit Reverse-Voltage 

Transfer Ratio (Vcn = —6 V, Ins = 0, f = 1 Kc/s) ..... 
Noise Figure (Vcr = —6 V, In = 1 mA, f = 1.5 Mc/s) 
Power Gain (Vcze = —6 V, In = 1 mA, f = 1.5 Mc/s) 


POWER TRANSISTOR 


—30 V 
—20 V 
—15 V 
—20 V 
—200 mA 
150 mW 
See curve page 112 
75 mW 
—65 to 85 5c 
240 8 
—5 max uA 
—5 max pA 
80 
8 Mc/s 
11 max — pF 
30 Q 
5x 10-4 
6 dB 
16 dB 


2N441 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre- 
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact: JEDEC TO-36, Outline No.11. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. 
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MAXIMUM RATINGS 


Collector-to-Base Voltage (Vsr 
Emitter-to-Base Voltage 
Collector Current 
Emitter Current 
Base Current 
Transistor Dissipation: 

Tc up to 

Tc above seo 
Case-Temperature Range: 

Operating (Tc) and Storage (Tsta) 


CHARACTERISTICS (At case temperature — 25°C) 
Sie 204: A, Be Breakdown Voltage: 


c = —0.3 A, 

Ic = —1 A, Is 0 
Collector-to-Emitter Saturation Voltage: 

Toi "—12 =A; Ine = PAPER Rocitcrccioancccssucesncretavcconesthisscactens 
Emitter-to-Base Voltage (Vcp = —40 V, In = 0) 
Collector-to-Emitter Reach-Through Voltage 
Base-to-Emitter Voltage (Vczm = —2 V, Ic = —5 
Collector-Cutoff Current: 

Vcs rie = Be = Be 


Ceeececccoreeeeeeees 


Preeerirer iter 


Proper 


Preeerrer rite 


PUTT 


Preer ere 


Preverrri tire a 


Pree eee 


Prererrrrr errr) 


Preeereeerrrrr rrr iit 


— 


Preeererr a) 


Prerrrrrrrer i 


Preece rere ere 


II Il 


ee paloma gp aia er ee) SS: 
—2 V, A 
—2 V, Ic 


= it Mr? ME TITOTT TTI r ia 
aT mee « “Me © STITT TIITititiii iii aad 


TYPE 2N44I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE =25°C 


COLLECTOR AMPERES 


-I5 -20 -25 


COLLECTOR-TO-EMITTER VOLTS 
TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N44I 
-|5 /COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS=-2 


COLLECTOR AMPERES 


-0.4 
BASE-TO- EMITTER VOLTS 
92CS-l0720T 


-0.6 -0.8 


RCA Transistor Manual 


Vecsv —40 V 
VEBO —20 V 
Ic —15 A 
Iz 15 A 
Ip —4 A 
Pr 150 WwW 
Pr See curve page 112 
—65 to 100 °C 
VBR)CES —40 min V 
VBR) CEO —25 min V 
Vcr (sat) —0.3 V 
VEB —1 max V 
Vrr —40 min V 
VBE —0.65 V 
Icgo —100 pA 
IcsBo —4 max mA 
Icso —15 max mA 
Izzo —l1 typ mA 
IzBo —4 max mA 
hrr 20 to 40 
hrr 20 


-30 -35 -40 


92CM-10732T 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N44I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS =72 


-0.4 - 
BASE AMPERES 


-0.6 
92Cs-lO72IT 
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CHARACTERISTICS (cont'd) 


Small-Signal Forward-Current Transfer-Ratio Cutoff — 


Frequency (Vcmp = —6 V, Ic = —S5 A) ccscccccssssssscoees fnte 10 ke/s 
Thermal Resistance, Junction-to-Case ............cecsseeeseees Os-c 0.5max °C/W 
POWER TRANSISTOR 2IN442 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre- 
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N441 except for the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (VBE = 1.5 V) cesses Vcsy —50 
Emitter-to-Base Voltage ou......c..cccccccccssssscsssssscsssscscccssssccsssees VEBO —30 


CHARACTERISTICS (At case temperature — 25°C) 
eee Breakdown Voltage: 


Or RE Oe ec nace nsec tansesesecvcciousconassbssepssnsnseeg Vr)cEs —45 min V 

SSS WE SE Cy Fa | ae erent ee ee wave on 1) | eee ae ere S VBR) CEO —30 min V 
Emitter-to-Base Voltage (Vcp = —50 V, In = 0)......... VrEB —1 max V 
Collector-to-Emitter Reach-Through Voltage. ................ VR —50 min Vv 
Collector-Cutoff Current: 

er em) Vip Tah 0 ST. a 25 OC oan ceccocdeccgsosccoccesecchlosceces IcBo —4 max mA 

ety = GES aN GTS MIM i 5 ime Dg sl nT OR IcBo —15 max mA 
Emitter-Cutoff Current: 

Pree TV) LOS OTE Si catccicoscunsslidieibedlovielecssosnecgelescnn IxBo —1 typ mA 

mee ON DE SO) Sik Sci ShanvaLicantctenesuvesgdolncs tebe Inso —4 max mA 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N442 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


a 


co) -10 -20 -30 -40 -50 -60 
COLLECTOR-TO-EMITTER VOLTS 92CM-10739T 
POWER TRANSISTOR 2N443 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre- 
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quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 


identical with type 2N441 except for the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Emitter-to-Base Voltage 


Pree eer eer Cee 


COCO OOOO OES E HOES HOST OOOO ROHS EEES DOLE SESE HOF HOSE OEE OEOD 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage: 


PCF 0 SATA R Bw Oe eae ene nce orca sree ee 

ope Ae Tad OR ate eer es 
Moe ele -to- miter Saturation Voltage (Ic = —12 A 

i iF LE) ecscdccscccccstvatcacchocctvsvescecscoassdsocsedecvereu<scsdesecwecrersbevcces 
Emitter-to-Base Voltage (Vcs = —60 V, In = 0) ......... 
Collector-to-Emitter Reach-Through Voltage ee ee 
Base-to-Emitter Voltage (Vcm = —2 V, Ico = —5 
Collector-Cutoff Current: 

VieE eas i— CONV pelts 2 0, TC, 25 C Wa cr idesscacecesacsodecdrcteashrocs 

Viens=*—602V4- In = 03 ToS TiC eee eee 


Emitter-Cutoff Current: 
Ves = —40 V, Ic = 0 


TYPE 2N443 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE =25°C 


-15 


COLLECTOR AMPERES 
u 
re) 


-20 -30 


POOP eee eo eee eee ee TEE EEE TEES HEE EEEE TEES EEE E DCE E OEE EOEEEEE® 


VE eee OL, Weg CeO) sn encoptnts sncceeteeveseovcnsescchveeuiteechocceatvio ster 


V(BR)CES 
V (BR) CEO 


Vcr (sat) 
VEB 


,-<50:5 4 


COLLECTOR-TO- see VOLTS 


2N581 


-60 


92CM-l0729T 


COMPUTER TRANSISTOR 


<< 


a BE <dicic <i 


Ge p-n-p alloy-junction type used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is identical with type 2N404 except for the follow- 


ing items: 


MAXIMUM RATINGS 


Collector=tO=Basew Voltage cist sciiececces coseeertee ohcctie ae otectccs eocenss 
Collector-to-Emitter Voltage (Van = 1 V) 
Emitter-to-Base Voltage 


See eeeerceseeseeeses 


SORE e eee eee E eee eee EE HEHEHE Dee EEE EHEeE HOE EH EEE eEEEee 


CHARACTERISTICS 

Pollector to-Base Breakdown Voltage (Ic = —0.02 mA, 
pmltier-16-Base Breakdown Woitage” Ce = “06.08 mi 
Ey tage mah een ye ee Lear cca ame ) a ues Cnc a 


Vczso 
Vcrv 
VEBO 


V (BR) CBO 
V(BR)EBO 


Vcr (sat) 


—18 
—15 
—10 


—18 min 
—10 min 


—0.2 min 


<idc 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Base-to-Emitter Voltage (Ic = —20 mA, In = —1 mA) 
Emitter-to-Base Reach-Through Voltage 
(Viz = ca gpa EN NAGAR SS ee CSEESDE SC. 8 a Oe 
emer e: Drpcse Oy FA 25°C ciccccccscccosccsecertidencicarchee 
Static Forward-Current Transfer Ratio (Vczr = —0.3 V, 
Ic = —20 mA) 


SOTO e eee eee E EOE E EEE EE EHE OHSS EEE EE EES EES ESS ESE EDESED OSES EE ESOS SOE EEE 


COMPUTER TRANSISTOR 


—0.5 max 
—15 min 
—10 max 


20 min 
2400 max 


2N582 


143 


pc 


Ge p-n-p alloy-junction type used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is identical with type 2N404 except for the follow- 


ing items: 


MAXIMUM RATINGS 
Collector-to-Emitter Voltage (Van = 1 V) wesc 


CHARACTERISTICS 


Collector-to-Emitter Saturation Voltage: 
BGS eee IA, Aa —O,6 Am oss hog casccchoccssosscucslescontecddnocccde 
Serer SIENNA ee os ccnncccnncocrcesnaceeccorace 
Base-to-Emitter Voltage: 
Me re TA, Te 0.6 BAA, oiiecc cc cncsnecncsnncencscceccceseoecccsnes 
Bi Os TDA IB — 5 TAS aoc cccnicococcacncccsoncaceconecocceccnecet 


Emitter-to-Base Reach-Through Voltage (Vaz = 1 V)- 


Static Forward-Current Transfer Ratio: 
Peres eV LO 24 IMA. © sesvcnicccencacsnedescdvasocddecseccssos 
ea OB V5 LC —100 IMA) ec ceiccvccccbecsscesedelszesecovacaes 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (Vcs = —6 V, Ic = —1 MA) oceeecccccccssoseess 

Stored Base Charge (Ic = —24 mA, Ig = —1.2 mA) ..... 


COMPUTER TRANSISTOR 


Vcrvy 


Vcr (sat) 
Vcr (sat) 


VBE 
VBE 
Vrr 


hre 
hrr 


fnrv 
Qs 


14 min 
1200 max 


~2N585 


< 


<<a << 


oe 
An 


Ge n-p-n alloy-junction type used in switching applications in data-process- 
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 


3 - collector. 


MAXIMUM RATINGS 


COMSCtTOr=TO-Base ~VOlta se S586 .s.cciecc Sicscscsecsccssvsocesossenscedes 
Collector-to-Emitter Voltage: 

Vs—E = —1 V 

BSA EOD CU: seks es oh os a2 2chs 5 ce 
Emitter-to-Base Voltage 
Collector Current 
NI RNG Sono oaes ccs nov catacvuccswoteraitervausacadasnicvctovictoseucthoescs 
Transistor Dissipation: 

Ns ooh ssc svn carcesaptendl cx tecusondsoec sone secrotaaaveectos 

et eer este eas yk ots ner ecanones cde casitacscicwre naseri necgsias’ 

Uy) SES: THINGS cn usta en oer Rear ae i etan F itaa aint behead a NR a 
Temperature Range: 

Operating (Ambient) 

yt ape RRA U pn ile pe alienate Ee SET NE ME 


Pete eeeeccenconscccesene 


POMS OHS O HOSA EHO EEE OO EERO EE TEES SEO EE HESS EEE EE SOO ESOS OEE EES 


POPE H Ree eae eee EEE He Eee EEE OEESEESEE SEES EE SEEDS ESEEEES 


CHARACTERISTICS 


wach yy Sane, Breakdown Voltage (Ic = 25 wA, 

SNE SE ana lerice ys\sosviessaceGsehesab cote ssbs co erddeccendeicsccsscuaccucsssecebeesececcese 

pe emitter Breakdown Voltage (Ic = 600 wA, 
eG lass ee al Cass nc xoms ti acpuseschs osucvssdeaccbasscctaes tisceceactdahesshaattssccecoos 


STEREO EOE e EEE Oee ERE HOE EE SEE EEE EOE EEE HESEEEHH ESE EHEE HEED EE EESHHE DSSS SEEHE SESE OEE ES 


SOPOT eee eee eee eee eee EE EEE EOS OTE OEE EE ETO HOEEEEEEESEEHESEESES SOOT SHEE HESEES 


Ta (opr) 
TstcG 


VBR) CBO 
V (BR) CEO 
V(BR)EBO 


Vcr (sat) 


—65 to 71 
—65 to 85 


25 min 
15 min 
20 min 


0.2 max 


V 

V 

V 

V 
mA 
mA 
mW 
mW 
mw 
Gs 

id C3 


<<< < 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (Ic = 20 mA, Ips =1mMA) .... Vex 0.45 max Vi 
Collector-Cutoff Current: 

ViGB ig O25 Vora) Ws Oa acees Rec crete tear vtec te scessceuedisetectessecasecvetuocees Iczo 6 max LA 

Ni ere Sa Pate 4 Boy cool | eee ee ae Se ae Nica Jon vedveuss IcBo 8 max pA 
Emitter=CutothgCurrent (CV net" 5 eV, 16 == 10) eercescccee<-stee Izzo 5 max pA 
Static Forward-Current Transfer Ratio (Vcr = 0.2 V, 

Rea API Sos iyo a treme bere nena Lage soar LANs ee hre 20 min 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (Vce == 61 V, Tm =]. 1 MA) | ociecderccccscecesesosseons fnetb 3 min Mc/s 
Output Capacitance-(V CB =>" 6 V5 elm 0) secccecsessseccceccecess Cobo 25 max pF 
Stored Base Charge (Ic = 20 mA, Is = 2 mA) ............ Qs 3000 max pc 


2N586 TRANSISTOR 


Ge p-n-p alloy-junction type used in low-speed switching applications in 
industrial and military equipment. It can also be used in large-signal class 
A and class B push-pull af amplifiers. Similar to JEDEC TO-7 (3-lead 
type), Outline No.4. Terminals: 1 - emitter, 2 - base, 3 - no connection, 
4 - collector. 


MAXIMUM RATINGS 


Collector=to=Basé” Voltage: a cicccccscesssacestesvsxctween aacesestenectecesccs Vcgo —45 V 
Emitter=to-Base Voltage .1:).ss.ccctsscsessssesesscsscscdeecseossossereracseseses VEBO —12 V 
CollectOrh Curren te ccc Fee eee scnseseseet ne ceaet eset stousaseotiatarsesteveses Ic —250 mA 
Emitter CuLren ter iioi5.cc cee cio. Bioestes siden satsadees aiecsesvspentiaeecste Irn 250 mA 
Transistor Dissipation: E 

J aie A hed Osh 3 ce oii lar 5 aan errr nS eG Opp re Pr 250 mw 

I Nie deems 5 a rk OF Toe aa a NR le em A es ce RR BER Re Pr 125 mW 

WN ioe LIN Cs ae Re REN 6 cients en, Sie eth Perc bk Pr 60 mW 
Ambient-Temperature Range: 

Operating (Ta) and Storage (TSTG) ..cccccccccccccccccccsssseseeee —65 to 85 LG 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ges - D0 WA, SIR BH = O Moree reo hac cance tires nore sess tes coun ses eecee se V(eR)CES —45 min V 

W (See S283 1 6 ¢ we geal Bs sama | noapic Me AC On ee it 9 ee eee V (BR) CEO —25 min V 
Collector-to-Emitter Reach-Through Voltage ................ Vrr —45 min V 
Collector-to-Emitter Saturation Voltage 

(TG === 2 Oe As hp 2 5P nA a ee eee Vox (sat) —0.5 max V 
Base-to-Emitter Voltage (Ic = —250 mA, In = —7 mA) VBE —l1 max V 
Collector-Cutoff Current (Vcs = —45 V, Im = 0) ........ IcBo —16 max wA 
Emitter-Cutoff Current (Ves = —12 V, Ic = 0) ......... Izzo —12 max LA 
Static Forward-Current Transfer Ratio (Vcz = —0.5 V, 4 

LGN 250 AL) eo erie acacscteoccee Beri ere ee eee eee hres 35 min 

2N591 TRANSISTOR 


Ge p-n-p alloy-junction type used in large-signal af driver applications in 
class A stages of automobile radio receivers. JEDEC TO-1, Outline No.1. 


Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage 
Collector Current 
EmitterpeGurren tein ce eecccckoces sa cates od hs was oodey acs esasewavenvevensusstaitecs 
Transistor Dissipation: 
FLVAMAU Da DUO me OBC peer trae een ern. ccscecstavosesaccr coccorstusccvesnsocuecvoutaaneacs 
oh Ip acy (Leo Co ee ea ee einen | er ae iar 
Temperature Range: 
Operating (Ambient) 
Storage 


See ee eee coos eneseesseenes 


OAR Ree eee Ree eee Eee Ee HE EEE THE TEE EEEEETEHEHeT EEE EEeeEee® 


TORR eee eRe re eee ee eee en EEE eee EEE EEE EEOEHOEEHEEEOE EET EEE HOSES SEE ESSE ESSE EES OE EEEE SEED 


CHARACTERISTICS 


Collector-Cutoff Current (Vcs = —1 V, In = == 5 Oise 

Emitter-Cutoff Current (Vrs = —1 V, Ic 0 

Static Forward-Current Transfer Ratio frome = —12 V, 
In = 2 mA) 


Aten eeeeeeee 


CORR Oe OOo eee EE EES H EEE EHO EEEEOEEMEEE EEE EET ODES E EE EE ESE EEE OEEOEHEH EEE ES 


40 


Ta (opr) 
Tstc¢ 


Iczo 
Izzo 


hre 


—32 
—40 


40 
Without Heat Sink 
50 mW 


20 


—65 to 71 
—65 to 85 


—7T max 
—20 max 


70 


Vv 
mA 


mW 


o& 
“Le 


pA 
LA 


f 
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CHARACTERISTICS (cont'd) 


Small-Signal Forward-Current Transfer-Ratio Cutoff 


Prequeney (Vow — —12 V, Ta 22 MA). ooeccccececccecscoceses fnetb = 30.7 Mc/s 
Thermal Resistance: 

OTIAC TACHA ATIUICTNG. Ae ccoi. ancteiescvsncccocvecssdecvotecesesctevseseooseceeceess @s-A 340 max °C/W 

DU pa TMP R ISB IT Rice ooo, Sac sa ncanccetoesecenscssacsecSacescesessossoaresisoscsseoases 150 max °C/W 
TYPICAL OPERATION IN CLASS A AF DRIVER-AMPLIFIER CIRCUIT 
PPO OIOCLOPHSUDDLY _VOltARE ©........cccccsecsccesocdessccecccennccsoccecoss Vcc —14.4 V 
DC Collector-to-Emitter Voltage occ ccssssccccecssssesserooeens Vcr —12 V 
WOMB ASGSLOSEANITCEE ViOILLABES: ciecccceseeilecacelicccccscnscovscecesscsssvesces VBE —0.13 V 
POMC INE OLMMG UTTEOTIC: cecccscscessssvtocssstevesorsees soos todseccedssccyevscenscsecace Ic —2 mA 
PRN RRNA o casos tea caex<sspeatsesstsiensgvewspoctdaancnsacccacecosdscuscvaesece Rs 1000 Q 
OUT MEE NESTS LATICO iho, sccaostse se osnicwhoonccnnavaconncanssedeassstoceseoeesseontecece Ru 10000 Q 
NR Te RETR O o 20 nines a vncsnincavisnsseccossaevonassegevanssoceonscsosestevoecesene 1 ke/s 
I CTS UTM EER ees cccrcs vcacede ns chset cevseosentectdccsoopessessssuscccascccedacesoes 41 dB 
Re ad EMER PITTI DISCOLEION © 055.5..6s.0060hasvcen cab eaveconsssecspsasizandesdeoee 3 % 
BETA SUS EUS T SSID CIOMN © ss.c3..520vs0essssecessccsceesccdosttcenvoscoss osessecessougs 25 mW 
IO BREAN BY Se aoe acc Soon cecan cpp y dee snseveerassvasabeddyscibupierstuentevecdSontas Por 5 mW 


TRANSISTOR 2N64/ 


Ge n-p-n alloy-junction type used in large-signal af-amplifier applications 
in battery-operated portable radio receivers and phonographs. N-P-N con- 
struction permits complementary push-pull operation with a matching 
p-n-p type, such as the 2N217. JEDEC TO-1, Outline No.1. Terminals: 
1 - emitter, 2 - base, 3 - collector (red dot). 


MAXIMUM RATINGS 


POMECTOR=1TO=D OSE WV OM AZC  iicscccscssssscssntnvescesccnesoossccssaccscoscccscoccce Vczso 25 V 
Collector-to-Emitter Voltage ..........ceeesssesensressrsrssersseeeesseeee VcEo 25 V 
AGPATIPCT=CO=ISASE VOLTALEC *..3..secs-crssesosatersscccssccdecosccasencsesotaserescess VEBO 12 V 
OMG CTO URED ered ssi ctcccckasccesesiesousseccccdecvesseteresseteacacseccdscsssneose Ic 100 mA 
PHpraat estes TAO UTUEROENL Circ toes, oF. acccoscssetcy sestcsencecesescertece soscoccesssereeotssseccsessss Iz —100 mA 
Transistor Dissipation: 

PES A= NAG, mae is FSC - cds pe saeaaceceseesanscdeSesseoeedunstccssasegesasossborce Pr 100 mw 

ae Ser SS 2 ne ETS 6, chan cSES EL dudacide Shade teae oSbenedeeenee Pr 50 mW 

SMa — Mee has OS roe oa Cano ngthgs tate cctcoscseuccotecesctetsesecresnetscntcawoctssese Pr 20 mw 
Temperature Range: a 

OETA cita pn CATNDICTIL)\ 2. carsasedack cesssendcconcsoeoesedcecdesoesdaeusidessovess Ta (opr) —65 to 71 Cc 

SSO MR CMR TSE Dacca cc aect tacts assaied oy iewsstésrsvssnaseccsssseatcadeceassosasee TstcG —65 to 85 “C 
CHARACTERISTICS 
Collector-Cutoff Current (Vcs = 25 V, Im = 0) ........... Icso 14 max LA 
Emitter-Cutoff Current (Ves = 12 V, Ic = 0) ............... Izso 14 max pA 
Static Forward-Current Transfer Ratio (Vcn = 1 V, : 

igh ee— DUA MMT DY ANS) ole) -cis sae fs aicacnce sce ets rcs, dosepeceeesaseteonsoteccaacccccauasasoesencece hre 70 
TYPICAL OPERATION IN CLASS B COMPLEMENTARY-SYMMETRY CIRCUIT 
PC OMEEEDE=SUDDIY ~VOltAa Ze. ...2...<.cccedeseovoscevonesssecccvedvuvesverve Vcc 6 Vv 
DC Collector-to-Emitter Voltage for driver stage ........ Vcr 2.3 Vv 
Zero-Signal DC Base-to-Emitter Voltage for output 

oc cceg Ee top clin sdusaapehurwsowoeedloadcotecwsaasrdevasts VzE . 0.14 Vv 
Peak Collector Current for each transistor in output 

SN eas acta cess sees pansr csp nons nsinensicetsesucsesostornatsstsctoncssenshe ic (peak) 70 mA 
Zero-Signal DC Collector Current for each transistor 

PIETER LOULDUt Stage): loon... ssccccntesdadsstonsssasvenssesbelteUleod Ic 1.5 mA 
FE INIOTIOY, ase co a ooo csc nginveynesoctacesnseesssrccnncvocdesocczocecvocsceceneve 1 kc/s 
RRR EES sooo. oy scar gasvansecoescasceavanaticssonstaeeseasscataododhesvonean Rs 1100 
re nT ee ON ee eh acanevicbens Ru 45 Q 
reer aM aie sesh sesscneedbnk har dhcdse siden, eek ee 54 . dB 
ited eS RNIOIC , DISTOLtE OM 5.5 .ch..cseteoecwvoesesesoncnscpedeeveavacurvedave 10 %o 
Pee POLOUE  (ATIDUIt, 20 TV) © deseubhvestocecestlasecseancloseatoos sues Por 100 mW 


TRANSISTOR | ~  2N649 


Ge n-p-n alloy-junction type used in large-signal af-amplifier applications 
in battery-operated portable radio receivers and phonographs. N-P-N con- 
struction permits complementary push-pull operation with a matching 
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p-n-p type, such as the 2N408. JEDEC TO-1, Outline No.1. Terminals: 


1 - emitter, 2 - base, 3 - collector. 
MAXIMUM RATINGS 


Cobllector=to-Base? Voltage mor ecictorercterc eer ettenten tee attests 
Collector-to-Emitter Voltage .............cssssscsrscsccssccessscescasecooes 
Fm i (6Gr-T0= BASE AV OLAS CPi cc ctec ert ca cccctee tae cos ens es caer artertene 
Collector™ CUrrent) Fie ech See ta ed ee 
FEMI ttERISCurren Crees eos eae None Ce 


Transistor Dissipation: 
° 


Lh a eGR.” b Spd cocaazs cate setahgrepanaishsuvccs deteabesuswtaditonsrersccetsredectvertuis 
SEA eee ahah Co erate raed docaitcsouahnchet wes evga hace phan sicctarocedaeeee recent etree 
A Weep Coy oo spews eins ten io Zastadeoeag ebsites ohaanpsosetieceseed stotemesegerer- ste 


Temperature Range: 


Operating H( Am bIeNt) pyecccsstscsscssssesecs se eerieees eeceeco ree oes 
WLOLA CEMA tree i ceva orionccntect ecto testers cosneette eee 


CHARACTERISTICS 


Collector-Cutoff Current (Vcp = 12 V, Im = 0) ...u...... 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) .............. 
Static Forward-Current Transfer Ratio (Vcr = 1 V, 

Phe = 50) A ee Ree ee ee nS ae ees 


Ta (opr) 
Tst¢ 


Icso 
IeBo 


hrr 


TYPICAL OPERATION IN CLASS B COMPLEMENTARY-SYMMETRY CIRCUIT 


Load HResisiance ein aes eos eet 
BOW GLE GBINy Rik ratetn feat neers ATR TT coc Lance ete eee 


2N697 


oereserene 


POPC OO OOOO oO Ee oer ESE Eo eT eee ESE eLOEES 


Vcc 
Vcr 


VBE 

ic (peak) 
Ic 

Rs 

Ru 


Por 


20 V 

18 V 

pass V 

100 mA 

—100 mA 

100 mW 

50 mw 

20 mw 

—65 to 71 ad & 

—65 to 85 °c 

14 max pA 

14 max LA 
65 

6 V 

7469) V 

0.14 Vv 

70 mA 

1.5 mA 

ke/s 

1100 Q 

45 Q 

54 dB 

10 max % 

100 mW 


COMPUTER TRANSISTOR 


Si n-p-n planar triple-diffused-base type used in switching applications in 
data-processing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - 


emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collectorsto-Base Voltage. ..cci.cc.ccccdsccscocosssccsssccccessssssesccsoecsees 


Collector-to-Emitter Voltage: 
Rez = 100 Q 
Emitter-to-Base Voltage 
Collectors Current=25.. Gi wees 
Transistor Dissipation: 
ERA MID EUG GC Feo. aott eee ea cere 
LOGUD tOgeo Gann eee 
Ta or Tc above 25°C 
Temperature Range: 


Operating (Ta _and Tc) and Storage (Tste) ........... 


Lead-Soldering Temperature (10 s max) 


CHARACTERISTICS 


cyte Neate Breakdown Voltage (Ic = 0.1 mA, 
BD waeci US Pitas ck sneda snvcunata scene classe coccasdetceeuace sicesasanceenauctnecateassanatoncataencne 
Rede ee Breakdown Voltage (In = 0.1 mA, 


STORE HR ORR eee eee eee TEE EEE DES E ETE EEEE REE ESET ES ESSE EESEEESEEESESESESEEEEEEEE SEES EES 


ips) 154m 
Collector-Cutoff Current: 
VicEtso0 eV. lhe OA 


Vos = 30 V, In =0, Ta = 150°C |. 


PAPEETE RECO SOD EHS OHO EHO S SEE SE EEE EE HEROS EHD EESES LEE E OEE E EE EEESEEEeES 


Pees eeeeresseeneseoees 


OPP eee TEE Cerer rier rr errr ery 


tee Stoel las Saturation Voltage (Ic = 150 mA, 


SOOO EDO OOOH HERO THT T OHH O OEE SEES HEE SEEE SESE SESEEE HEE EEE HO SESE HEHE HESS EES 


VBR) cBo 
V (BR) EBO 
Vcerr (sus) 
Vce (sat) 
Vex (sat) 


Iczo 
Icgo 


60 V 
40 V 

5 Vv 
500 mA 
0.6 WwW 

2 Ww 
See curve page 112 


—65 to 175 °C 
255 °C 


60 min V 
5 min V 
40 min Vv 
1.5 max Vv 
1.3 max Vv 
A 

A 


1 max v7 
100 max Lb 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Static Forward- Current Transfer Ratio (Vcr = 10 V, 
fore oO nA tp. 12>ms, GE 2%) ciiessbelicteccisecsasceee 
Small-Signal Forward- Current Transfer Ratio 
fio evenac/s, Vor = 10°V; Ic =°50 MA)» sicccscccccccieceess 
Gain-Bandwidth Product 


POOP O HOSE SEE ee OOOO OSES OH OD ESOS ESSE OOE SEE EE ESOS HOO EEEED 


TRANSISTOR 


120 max 


2.5 min 


100 
35 max 


2N699 


147 


Mc/s 
pF 


Si n-p-n planar triple-diffused-base type used in small-signal and medium- 
power applications in rf amplifier, mixer, oscillator and converter service 
and in power applications in small-signal af amplifiers and switching cir- 
cuits in industrial and military equipment. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ................ccsccscsssscccsssssscssscscesevecescsees 
Collector-to-Emitter Voltage (Rep S = 10 Q) 
Emitter-to-Base Voltage 
Transistor Dissipation: 
NI Beda 5 Sao csv nesta apeleg ths odanseacssacsevnnssy sooncdegens 
FIERCE ah UG GE oo Songs cu cov senccnocsvaseessesncnsennsvasesseuosessoubesusvodietesse 
Ta or Tc above 25°C 
Temperature Range: 
Operating (Junction) 
Storage 


eceecccneecsccscsese 


POCO OTE OOOH EEE EEO LODE EEE O EEE OSI ES ESOS OH ESSE ODES OS 


Pee OOOO ee Eee eee ees HE EES OSOEHE DEES EE OED E EE DOEE EEE SES® 


Pee e eee eee esse ree eee eee seer ee ees seEHHEEsreeeeseeseseeees 
PETROL H REO H EHS T ESTES EE HOOD EHO OSES ES SOOHEE ESOS TEES HSS OOEHES ODE DOO EESO SEED EOE DOSE CESS 


Ceeeeececcoosecseseosces 


CHARACTERISTICS 


Sin = 0). -to-Base Breakdown Voltage (Ic = 0.1 mA, 
RSPR en ND Mea awenecc vari salecessci's cts ocvccesw'csseccaberer cereus tiers esabccetoccctec eres teoctee 


eee eeeeeecseescccseseosceeceees 


Cone ererewecerceserececssesenece 


Balle ctor Cutoff Current QWcEs— = 60 Whe In ==10)) 
Emitter-Cutoff Current (Vrs = 2 V, Io 0) eee eee 
Static Forward-Current Transfer Ratio (ven —PLOeVs 
Ic = 150 mA, tp = 300 us, df = 2%) 
Small-Signal Forward-Current Transfer Ratio: 
Veto ie Vor sii ot! =. to ke/s nia eels 
Vcr = 10 V, Ic = 5 mA, fe CY Sie: 
Vern = 10-V¥, lo =*50 mA,*f = 20-Mce/s. . 
Gain- Bandwidth PE OCLC tte ce eentes es 
Output Capacitance (Vczp = 10 V, In = 0) 
Small-Signal Short-Circuit Impedance: 


Pee eoeeeeceoecccevesescesess 


Wien omer toe 1: mA, f° == 1 SK e/S8 eles ie 
Micneeoene Vy lo 5 MA, FS LeRO/S isccccsececcccccsvsealess 
Roltage- Feedback Ratio: 

Vcr = 5 V, Ic = 1 mA, f = 1 ke/s Mine dees dele cal 
Wana eee tO 5 MAM Po -L Ke/S) vcccccscccsvesceces 
Output Conductance: 

iene ey eelo = To mA. fs Lke/S dsc. heals 


Meteo er velco 5 mA. foe 1 ke 8 ediivicectecdteccs 
Thermal Resistance, Junction- gee “Case. uicaradnicen Bin wiley hast etieh 


COMPUTER TRANSISTORS 


Vcso 120 V 
VcER 80 V 
VEBO 5 V 
Pr 0.6 W 
Pr 2 W 
Pr See curve page 112 
Tz (opr) —65 to 175 Xe 
TstcG —65 to 200 °C 
TL 300 oC 
VeR)CcBo 120 min V 
Vcer (sus) 80 min V 
Vcx (sat) 5 max V 
Vex (sat) 1.3 max V 
Icgo 2 max pA 
IrBzo 100 max LA 
hre 120 max 

hte 35 min 

Nite 45 min 

hte 2.5 min 

fr 50 min Mc/s 
Cobo 20 max pF 
hib 30 max Q 
hib 10 max Q 
hrp 2.5 x 10-4 max 

hrp 3 x 10-4 max 

hop 0.5 max umho 
Nob 1 max umho 
Os-c 75 max °C/W 
Os-A 250 max °C/W 


2N706 
2N706A 


Si n-p-n epitaxial planar types used in high-speed switching applications in 
data-processing equipment. JEDEC TO-18, Outline No.9. Terminals: 1 - 


emitter, 2 - base, 3 - collector and case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage  ........cccsssscsssssccscsssecsrsecsees VcBo 
Collector-to-Emitter Voltage (Rsz = 10 Q) VcER 
Emitter-to-Base Voltage ........ccsccccccssssccsssssssesesseccsecens VEBO 
Coklectoris Current se iicecceoickioeachast ecstctsscsasccolscctessondocesese Ic 
Transistor Dissipation : 

PAE LID) FCO Moet Co i sertccnsscvacettecastcsenanecseseccseatessarccheucestoteces Pr 

Tc (with heat sink) up tO 25°C oursccscoseee Pr 

‘Ta or Tc (with heat sink) above 25°C ............. Pr 
Temperature Range: 

Operating «| CI UNCTHON ) oe rcickes ches tiseacdewechpsesansausscensatgenne Ts (opr) 

STOLE GC rai, rec tactcsetsscsssaccukesaasvecec ava suinsiesecrr but vaces Suataecees TstcG 
CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 

(Toe 10 SrtA Teh = SISA) ean aise ctcvcetocascecse Vcx (sat) 
Base-to-Emitter Saturation Voltage: 

(if oye Sn aN oy Vs Vad § as 0s ee a ot mre ge Vzx (sat) 
Collector-Cutoff Current: 

Vic cal Se Vig to Oe eae oe Ol ie rete cess Icso 

Viepris1 5a i lms 0, Da 502 Cine, ck ticccsceievests Iczo 
Static Forward-Current Transfer Ratio: 

Vcr ae Vo eh ca LORIN Aan receseresstesncchesecetonectees hre 

Vcn = 1 V, Ic = 10 mA, tp = 12 ms, df = 2% hrr 
Small-Signal Forward- Current Transfer Ratio: 

Vcr = 15 V, Ic = 10 mA, f = 100 Mc/s ......... hte 

Vcz = 10 V, Ic = 10 mA, f = 100 Mc/s ......... hte 
Output Capacitance (f = 0. 14 Mc/s, Vcs = 5 V, 

Ip 0) PPOTITITTTITITT TTT TTTTri Tt Eee Cobo 
Turn- On Time (Vcc =. 3 V, Ic = 10 mA, 

In1 = 3 mA, Ine = —1 mA) ee ee ta+ tr 
Turn-Off Time (Vcc = 3 V, Ic = 10 mA, 

Tsu S3m Ay ins GPM A) an ich etnarer eos ts + tr 


Storage Time (Vcc = 10 V, Ic = 10 mA, 
In1 = 10 mA, Ine = —10 mA, Ri = 1000 9) . ts 


2N708 


2N706 2N706A 


25 25 
20 20 
5 5 
—_ 50 
0.3 0.3 
1 1 
See curve page 
175 175 
—65 to 175 
0.6 0.6 max 
0.9 0.9 max 
0.5 0.5 max 
30 30 max 
—_ 20 to 60 
20 — min 
— min 
— 2 min 
6 5 max 
— 40 max 
— 75 max 
— 25 max 


COMPUTER TRANSISTOR 


pA 
pA 


bi 


hi 


ta 


Si n-p-n planar double-diffused-junction type used in high-speed etitchiig 
applications in data-processing equipment. JEDEC TO-18, Outline No.9. 


Terminals: 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
Res = 100 
FRASE SOPOR i iiaic aches sscsovcevecessosnvebtovs ce sesisvshevehusatoustuesyesssdeeeteewess 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 
Ta up to 25°C 
Aiea blob fa ht Ohl Orie op a manrtener s+ aren ahs rarmeenErenore sted oe 
Ta or Tc above 25°C 
Temperature Range: 
Operating (Junction) 
Storage 


COE Oe OOO SOOO H TOROS TOEEE DEH OE CESESO OOS OEE EEEE SOOO HEED 
SOOO COCO SEES HEHE EEE OEOO SOOO THEE DOSE EESHSSHS OSES OESEOOSE OSES ERSTOSESOSOE SESS OD 


OOOO EHH EERE HOHE EEE SE TEES SESE ESET ESOS ESOS ES ESEEEESESS 


SOC OOOO e eee sees ee Oe SHEE TOES ORES THEE ESE SORE DSS ESSE ESOS ESE EES SESE OSES 
COCR OOO TORRE OEE See SOE TEESE HEEEEESEESH EEE EOSS EH DE SEES SEES EEEESS HOSES EES 
EPO OR OREO eee eRe eee EEE HES EES EET SESE ESEEEEEE HEHE EEE® 


Pome Cee eee H OO HE OEE HOHE OSE e EEE EEEEESHEEEEe ESE HOH OEEHEOEEe 
SOOO O RESO TOS O ODDO OOO E TOO E ESET EEE EEESESEES ESSE SESE SEES EHES ESOS OHSS ESO SESS SOS OESEOEED 


Sere eecerereresereeseree 


CHARACTERISTICS 
ea) -to-Base Breakdown Voltage (Ic = 0.001 mA, 


POCO OOOO DEES EEE SOTO EEE E EEE EEE SEEE ESSE REOO EEE EDEE SEE OEOESESESEOEEEEE EEE ESES HOES SEES 


SOOO eRe OOOO SEES O EEE EEESEEEEEEESE ES EEESESESESESESESESESESEEEEEESESOEEHSSSEE SEES EOEOEEES 


Ic = 30 mA, tr = 1 ns, os = 300 ns, df = 2%) 
Collector-to-Emitter Sustaining Voltage With Base 
Open (Ic = 30 mA, tr = 1 ns, tp = 300 ns, df = 2%) 
Colleetors to-Emitter Saturation Voltage (Ic = 10 mA, 
In = 1 mA) 
Base-to-Emitter Saturation Voltage (Ic = 10 mA, 
In = 1 mA 
Collector-Cutoff Current: 
Vcs = 20 V; In = 0, Ta = 
Ves.= 207V cin 0) Tae 


eeeeeeee 


POOR e eH Heer eee HH Ones eee ee TsO EEE OEEOEEE ESHEETS EEE SEEE EERE EEE E TEES HEHE EEEE OS 


COPS EHO OHHH EE HE EEE EE EEE EEEE EEE SETS OEE OEEEEEEEESHE SOHO SESE EEOEHEEE HEHE HESS 


CARE Hee OOO Oe OOO OOS Hees ee He eeeseeeeeee® 


- emitter, 2 - base, 3 - collector and case. 


Vcso 40 V 
Vcrr 20 V 
Vcro 15 V 
VEBO 5 V 
Limited by dissipation 

Pr 0.36 W 
Pr 1.2 WwW 
Pr See curve page 112 
Ts (opr) —65 to 200 ‘1é. 
TstG —65 to 300 eC 
TE 300 °C 
VBR) CBO 40 min Vv 
VBR) EBO 5 min V 
Vcrr (sus) 20 min Vv 
Vcero (sus) 15 min V 
Vcr (sat) 0.4 max Vv 
Vzn (sat) 0.72 to 0.8 Vv 
Icgo 0.025 max LA 
IcBo 15 max pA 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Emitter-Cutoff Current (Ves = —4 V, Ic = 0) ............ IzBo 
Collector Current for forward bias (Vsze = 0.25 V, 

Wene—seenv, A 2 125°C)... Ben PEs sary cncandas sais tecensce Icrv 
Static Forward-Current Transfer Ratio: 

aET an EN se Ga OS ATTA ec eackowccecchesecocvcnbiccvovscsosceoesedees hre 

eR nS eet NO) SIVA Sooo civiecscccveccsasorcevetvevnnceedqcocessvedveces hrr 
Small-Signal Forward-Current Transfer Ratio 

(Vce = 10 V, Ic = 10 mA, f = 100 Me/s). ......00...... hte 
Output Capacitance (Vcs = 10 V, Jn = 0, 

PNA IVE CS ) at ncccesvccanonsssstiocctsesesccndsinatseseuvsedecstocsesesicsocvansseee Cobo 
Base Spreading Resistance (f = 300 Mc/s, Vcr = 10 V, 

eS IEE) haces sSareeeg tastes case teveonescstcdscoseocapsossscevocovevsnactoosbecas Ybb 
Storage Time (Vcc = 10 V, Ic = 10 mA, In1 = 10 mA, 

Ipo.-— —10 MA, Rr = 1000 .Q) - 0.2... ..cccscssees ts 
Thermal Resistance, Junction-to-Case ............. Qs-c 
Thermal Resistance, Junction-to-Ambient Os-Aa 


COMPUTER TRANSISTOR 


0.08 max 
10 max 


15 min 
30 to 120 


3 min 
6 max 
50 max 
25 max 


145 max 
480 max 
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uA 
vA 


pF 
Q 


.... ns 
°C/W 
°C/W 


2N709 


Si n-p-n epitaxial planar type used in switching applications in data-process- 
ing equipment. JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 - 
base, 3 - collector and case. This type is identical with type 2N2475 except 


for the following items: 


CHARACTERISTICS , 
eee wet Saturation Voltage (Ic = 3 mA, 


NMR ME TUNA Veta yoo c coos a sane nnsesntyosetencin»ieossn<vencpanonbeaseosunnossneuee Vcr (sat) 
Base-to-Emitter Saturation Voltage (Ic = 3 mA, 

EEN A, BOs inti scvstatnyesn vusvasnsnajcesssnseccdeeeraesserestegonarodoese Vzx (sat) 
Pulsed Static Forward-Current Transfer Ratio: 

etme Oar Ace V Gr == 025 V5 Tk i 2B. oak wcocaseonrnced enone hrer (pulsed) 

BO A Vw SL Vig Ti OC! i eccccacdeetatsenrisoneson’ hres (pulsed) 

Io = 10 MA, Vow = 0.5 V, TA = 55°C. wrrcccsercsrcssesseseees hrs (pulsed ) 
Small-Signal Forward-Current Transfer Ratio 

(Ic = 5 MA, Vee = 4 V, f = 100 MC/S) 2.0.0.0... sersenseese hte 
Input Capacitance (Ves = 0.5 V, Ic = 0, f = 140 kc/s) Cibo 
Output Capacitance (Vcs = 5 V, In = 0, f = 140 kc/s) Cobo 
Storage Time (Ic = 5 mA, In1 = 5 mA, Inz = —5 mA, 

Vce =.3 Mitiececs deakass Pad. cstascnarsersespecasbestocctacssccceccsessscckatdvesecsocesrae ts 
Turn-On Time (Ic = 10 mA, Is1 = 2 mA, Ise = —1 mA, 

Veco = MAR reer g See ce eet cadens otees trees coseecescusesteen tateaeraesssth= es ta + tr 
Turn-Off Time (Ic = 10 mA, Ini = 2 mA, Ine = —1 mA, 

ae eye ooo cso ages vospnotnnccacnctepdonicsenendhcoscesensveesecesipeetecsens ts + tr 


COMPUTER TRANSISTOR 


0.3 max 


0.85 max 


Mc/s 


ia 


a 


2N718A 


Si n-p-n planar triple-diffused-junction type used primarily for small-signal 
and switching applications in data-processing equipment. JEDEC TO-18, 


Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ..........ccccssssssscsccsesssccceeesensesseeesenes Vcso 
Collector-to-Emitter Voltage: 

MN oa hens vnnaranea ape somsvosennanssnconensesapadicasceosnaposectwonrsarenesoe VcEO 

NG Scrat ca caea heap cccaonn sgn noplccesatsaasnepoonatitcundgsevonsecasendsbicnnge VcER 
Bemitter=tO-Base Voltage © 2.0.0... icsssiscsteosseceornsccsccesesoseeenecoreeees VEBO 
Transistor Dissipation: 

PR Fee sen an vos 1 ddvestrpaphaghacsadecanuncsuapaasshivecasersoasvesevanssetiien Pr 

TI NS ao vnnon pa connsncncsecassasvosnssnopovnes¥snsesesonsosssesennnnasssboeneece Pr 

SEER ENA DOV Ce ok 2 Co itact cei vseaes ts ocks vo ossceccennesossonenctotounuease sees Pr 
Temperature Range: 

Operating “(JUN ction) | <......06.5.5:0....secscescsedesccsopeossocesncsosesasns Ts (opr) 

NNN Faience pknnssecducesnesy nstnas-abssctaudesanssrdndbasosnorbasomepoesapueds TstG 
Lead-Soldering Temperature (10 S MAX) oo... ereeereseee TL 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

NN re eh et ong) ochznnagacceoedassdnosecscaseceaccdbons pian pt na! Vsek)cBo 
Emitter-to-Base Breakdown Voltage (Iz = 0.1 mA, 

te — a aS ee Bree reer ee nono abesuseacrtcaleabakihe fecmavi samtoreivannacane ss Ver) EBO 


75 Vv 

32 V 

50 V 

7 V 

0.5 WwW 

1.8 W 

See curve page 112 
—65 to 200 *C 
—65 to 200 cc 
300 °C 

75 min Vv 

7 min Vv 


150 


CHARACTERISTICS (cont'd) 


Collector-to-Emitter Sustaining Voltage (Ic = 100 mA, 
Tst=< Ons Re wes 10S) ieee iechess teas cancers teres eee 

Collector-to-Emitter Saturation Voltage (Ic = 150 mA, 
I df = 2% 


Collector-Cutoff Current: 

Vicpe== GOU VAT Ets ON Tig a 5 C. aieccssastcteeee eee 

Vere (60nV5 in s==r10 2 Tae e150 Ce eee 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) qu... 
Pulsed Static Forward-Current Transfer Ratio: 

Vce = 10 V, Ic = 150 mA, tp = 300 ws, df S 22% ........ 

Vcn = 10 V, Ic = 10 mA, tp = 300 us, df = 2% ......... 

Vcr = 10 V, Ic = 10 mA, Ta = —55°C, tp = 300 us, 

(0b Pp Bes VRIES sale eee eet BO len Set ne pi en yaar ene A 

Static Forward-Current Transfer Ratio 

(Vien l= s10 RV eC (OAS MA) 2B eiicc Siricccsst terse ee 
Small-Signal Forward-Current Transfer Ratio: 

Vicnt—soRVi Ceol em Ate fe LK C/Su oe 

Venu -1OBVi slice" 5amA-) f te ke/s Geena 

Vicns=—) 10BV, elcu—7507m A. £e— 201Mc/sene.c eee 
Input Capacitance (Ves = 0.5 V, Ic = 0) cceececesseeees 
Gutput Capacitance (Vcs = 10 V, In = 0) qu... 
Input Resistance: 

Vieni) SiVeelor—sl im Ae iat ke/se. eee 

Vicia 0AVieloa——5, mAvet ==" leke/s; Seon ees 
Voltage-Feedback Ratio: 

Vieni 52 Var lot" 1A £41 OKC /Siae ce ee 

View ==8l 0s Vaila:—roemA Tt 1 ke/siveic i ode 
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Vcerr (sus) 50 min V 
» Vcr (sat) 1.5 max Vv 
VBE (Sat) 1.3 max V 
IcBo 0.01 max pA 
IcBo 10 max LA 
Izzo 0.01 max LA 


hrre(pulsed) 40 to 120 
hrs (pulsed ) 35 min 


hrer (pulsed) 20 min 


hrr 20 min 
hre 30 to 100 
hte 35 to 150 
hte 3 min 
Cibo 80 max pF 
Cobo 25 max pF 
hib 24 to 34 Q 
hip 4to8 Q 
hrb 3 x 10-4 max 
hrb 3 x 10-4 max 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N7IBA 
COMMON—EMITTER CIRCUIT, BASE INPUT. 
AMBIENT A dai 


TURE = 25 


COLLECTOR MILLIAMPERES 


1.3 


TYPE 2N7I8A 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25°C 


COLLECTOR MILLIAMPERES 


1. I, 
O-EMITTER VOLTS 


8 0 
COLLECTOR-TO-EMITTER VOLTS 92CM-I1189T 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Output Conductance: 
ReerteeteraV wel WA, fe 21 KO/ Ss och ecckcccckasccvacecdess 
Nome e On Vien roi 5 Ay fem IEC/S. ao. .ccccescssectcereov sevens 

Noise Figure (Vcr = 10 V, Ic = 0.3 mA, f = 1 ke/s) 

Thermal Resistance, Junction-to-Case 


CoP eee ececerescoeseseessenoeee 


Coe seers cecoeseeoesseees 


COMPUTER TRANSISTOR 


0.5 max 
1 max 
12 max 
97 max 
350 max 
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2N720A 


Si n-p-n planar triple-diffused-junction type used primarily in small-signal 
and switching applications in data-processing equipment. JEDEC TO-18, 
Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector and case. For 
collector and transfer curves, refer to type 2N718A. 


MAXIMUM RATINGS 


Collector-to-Base Voltage o.......ccccccssscsssssssscssrsssesssssecscesscssecees 
Collector-to-Emitter Voltage: 
I I dg scala dossah cu sansuwated BencrvkcdshiosiasecgoesoeBe¥snotleus 
oe ao as ws cs aicunnsnsceuasovconavtlusceonctes seadeance 
MAMMACLE VSCOM SASS. VONAGE snc ..cccecescccsscesecsvececacsyotseonscsennvacarscmeve 
Transistor Dissipation: 
RM Becca shay apd ccs veciapanboceceeias cocevecsevkoseeucdececescnens 
RR Ea Ricca lyn ss nig deh csnine qavviouv cysndesWovecdl dvi xiv dens Gonea¥oanesconee 
PM MNO OD Noss Gonna Lata en va ninenesiznne ssnsnepeoncennsessvancssreesees 
Temperature Range: 
MNMRRer INNES MARMIZOEPOM ) cco. cccdscucsevaucec\aconvexcssosnnvorense Stcanceopedenee 
Sa RE 5 cod ins rete onda lv oat ce vaste ste et vcna nvs dctsarsena von sv ARG 
Lead-Soldering Temperature (10 Ss Max) wo.cceccecseeeees 
CHARACTERISTICS 
Resear Bese Breakdown Voltage (Ic = 0.1 mA, 
See Parca bakes ch aWas ak bWesdcqnce hoi cnnnseseatsuaeuveduncsasegocneviadnebaceconhs couse oleae 
agar nana Breakdown Voltage (Im = 0.1 mA, 
(Eo BS 0) eee chay eel gee ae aaa eS eee OF Ls RN Rie ay. ROME AMR Ay 
Collector-to-Emitter Sustaining Voltage: 
i h0n Ia, 1p. 0, tp = 300 ws, Af =. 2% cckekeed.s. 
Pee ererten, it 0, Reet 2 10 0 oieicccccctecicecessocccécceesens 
Collector-to-Emitter Saturation Voltage: 
Ic = 150 mA, In = 15 mA, tp = 300 us, df S 2% ......... 
eee RMN ag mm TINA 6 sacs occurs cnctematoovasibvasasdscdcsouceceneucasios 
Base-to-Emitter Saturation Voltage: 
fe 190 MA, Ip — 15 mA, tp.= 300 us, af = 2%......... 
‘eli ATS GN 3 th Beta Wap 0 9 Ws Oe ae) 
Collector-Cutoff Current: 
enn TR, Dak nt hm DBO 5s, .cdencnccvocvenctenscesoveveues 
ese eee Pi — Os Am E50CC! cork ca coecsesecceocccccectsec nts 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) . ue 
Pulsed Static Forward-Current Transfer Ratio: 
Ven = 10 V; Ic = 150 mA, tp = 300 us, df = 2% ..2..... 
Von = 10,7, Io = 10 mA, tp = 300 us, df= 2% .......:, 
Ver = 10-V, Ic = 10 mA, Ta = —55°C, tp.= 300 us, 
NN eR Be ee BN - carn senscos casas deduwpoansp sseceaied neians 
Static Forward-Current Transfer Ratio 
Creamer ON. eu— Onl mA nee een eS ee 
Small-Signal Forward-Current Transfer Ratio: 
Niemen btm ol “MN AS toad Ie so ee ose 
me mre Marites —— ty TA, Fae 1 ICC 7S ire sven tocncsncteboveconecce 
Monee V, le = 50° mA, f 220 M/S ono n.ccccssescccreacsvce 
- Input Capacitance (Ves = 0.5 V, Ic = 0) ....... Sehr 
Output Capacitance (Vcso = 10 V, Im = 0) ..... 
Input Resistance: 
Niemen seal Gua— 1 VAG Pim KeO/S - ioc eee. cciacsnnccehccassepsecs 
ere eww lg 5 TVA FS DCIS: eedescccoctocoskcsccecoseree 
Voltage-Feedback Ratio: 
aera PO a NOTA, FS TNE C/S coins sccconccahccosthnoesesseess 
Mere VY lor 5: TVA, feck “Ke/S aivisccecscccecthipsraveesee 
Output Conductance: 
emit —— b T A, FDS opin ncsacsccnricesencdaceooecpas 
icra ha TNA Ff a KOS i iicccrl live iseonetperdarestes 
Thermal Resistance, Junction-to-Case o..cceiccceeecesceeeeseeeeeeee 


Thermal Resistance, Junction-to-Ambient 


Ce eweceenereerecoeceree® 


Vcso 120 V 
VcER 100 V 
Vcro 80 V 
VEBO G V 
Pr 0.5 WwW 
Pr 1.8 W 
Pr See curve page 112. 
Tz (opr) —65 to 200 we 
Tstc¢ —65 to 200 IG 
Tu 300 el 
Ver) cBo 120 min Vv 
VBR) EBO 7min V 
Vcro (sus) 80 min V 
Vcerr (sus) 100 min V 
Vcx (sat) 5 max V 
Vcx (sat) 1.2 max V 
Vex (sat) 1.3 max V 
Vex (sat) 0.9 max V 
Iczo 0.01 max wA 
Icso 15 max uA 
TrBo 0.01 max BA 
hrn(pulsed) 40 to 120 

hrer (pulsed) 35 min 

hrr (pulsed) 20 min 

hre 20 min 

hte 30 to 100 

hire 45 min 

re 2.5 min 

Cibo 85 max pF 
Cobo 15 max pF 
hiv 20 to 30 Q 
hip 4to8 Q 
hrb 1.25 x 10-4 max 

hrp 1.5 x 10-4 max 

Nob 0.5max ymbhos 
Nop 0.5max yumbhos 
Qs-c 97 max °C/W 
Qi-A 350 max °C/W 
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2IN834 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used in high-speed switching applications 
in equipment requiring high reliability and high packing densities. JEDEC 
TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .........cccccccssssssseeees VcsBo 40 V 
Collector-to-Emitter Voltage (Ran = e: Venus 30 V 
Emitter-to-Base Voltage ou... ..ccccccccccccceccseseeeees VEBO 5 Vv 
CollectOrnAGurrent ccs ee Ic 200 mA 
Transistor Dissipation: 

AUDI LO mea Cask ee eret yr. Sree Sar eee eee Pr 0.3 W 

ECE) OU aye mH) PAA PT Cem ik Beeed dette et eer a aioe Sr emi i an ee Pr 1 WwW 

TAPOELCTADOVE: 20-C ah chesatecee ee oe Pr See curve page 112 
Temperature Range: 

Operating oa ( Junction) rc. o. cot tee tec cece eee rior Ty (opr) 175 °C 

SSUOP AR Crore cucaesens evinaercdaccoccoetecsns rcaeee te ooo eee mee oem TstTaG —65 to 175 we 
Lead-Soldering Temperature (10 S Max)  o....ceeeeeeeeeee AM 240 °C 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

Deere | AL iia pen Meee ena! Age Ate SRAee Ao AMO ae eRe VBR)CBO 40 min We 
Emitter-to-Base Breakdown Voltage (Iz = 0.1 mA, 

Tot tO) Re eh ee tin en VBR) EBO 5 min V 
Collector-to-Emitter Saturation Voltage: 

fos s1 OS Ave Tp 22 i A re ee ee ed ee aude vuticdedies A hah et 0.25 max V 

loge=2 502A; In 75 MATT eee eee eee Vcr (sat 0.4 max Vv 
Base-to- Emitter Saturation Voltage (Ic = 10 mA, 

MeL TAY) Fics cvecckiacsceoveet cts Basncc cee ote neers ed cette ne I Vax (sat) 0.9 max 
Collector-Cutoff Current: 

Vice 720 5V olni =: O49 ee 25°C waa hen ee Icso 0.5 max vA 

Vcs = 20 V,. Im = 0, Ta = 150°C Icgo 30 max wA 

Vcr = 30 V, Raz = 0, Ta = 25°C Icrs 10 max pA 
Static Forward-Current Transfer Ratio (Vcz = 1 Vs 

Lot==F 10 ¢mA ) ee ee ae er Se hrr 25 min 
Small-Signal Forward-Current Transfer Ratio 

(Ver ==15-V;, Jo=— 10 mAvt—-100, Mc/s) Me oe reat hte 3.5 min 
Output Capacitance (Vcs = 10 V, In = 0, 

Poe LOOK O/ Si sits eoncccsceastseve cs this cakic Mace ee eee Re Covo 4 max pF 
Gain-Bandwidth Product (Vcms = 15 V, Ic = 10 mA, 

PSS LOOM / Si ics netetscoseec Geert ee eee fr 350 min Mc/s 
Storage Time (Vcc = 10 V, Ini = 10 mA, 

Inst LO em lc s1 0b nA) eee eee ts 25 max ns 
Turn-On Time (Vcc = 0 to 3.5 V, Ic = 10 mA) ...... ta + tr 35 max ns 
Turn-off. Time (Vcc = 0 to 3.5 V, Ic = 10 mA) ...:... Ege anGe 75 max ns 

2IN9I14 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type intended for use in high-speed saturated 
logic-switching and vhf amplifier applications. JEDEC TO-18, Outline No.9. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .o....ccccccccccsscsssssccsscccssssecsssscessceses Vczso 40 V 
Collector-to-Emitter Voltage: 

35:1: aaa! (UL 9 Rpecaneeees weanern rrr A Mike coy tet eee a ener Tey VcEeR 20 V 

Base ODOT ere ese ee eee at Vcro 15 V 
Emitter-to-Base Voltage vb VEBo Hy V 
Collectors Current ae Ic Limited by power 

dissipation 

Transistor Dissipation: 

PA UPR O ie Cae ern ces ; Pr : 0.36 WwW 

Lomupy to pap l Gu sas Pr 1.2 WwW 

Ta or Tc above 25°C Pr See curve page 112 
Temperature Range: 

Operating £. GI UnCiign) ac. ....ccetrerittenes ce iececcchcchnlbse Ts (opr) 200 FC 

StOTA Re Ware erie ietee overated ete ee a Tstc¢ —65 to 200 sc 
Lead-Soldering Temperature (10 s Max) cccccccccsccseeeee Ly 300 Ae: 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (Ic = 0.001 mA, 
Dip? =, 0 pee Oe on eo Sacer ene re ee VBR) CBO 40 min V 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


ah rt ate Breakdown Voltage (Im = 0.01 mA, 
eo 
Collector-to-Emitter Sustaining Voltage: 


COR Meena eens eens eee eee ess EES SS EEE SEES OHSS EEEEESESESESESHEEESS ESS ESSE HEED ESOS ESOS SESS 


ier oURtA 1B "0, tp, — S00 US, CE Sa 1% ark. .ccsiccesesesene 

fer o0lmAS Ren = 10.0, tp = 300.us; df = 1%. ..:...... 
Collector-to-Emitter Saturation Voltage (Ic = 200 mA, 

MES MNCAUPEBYTT ANG) cores cece eco c os co cckcc sesso chcecdoessassisescsdescueototecotndessescese 
Base-to-Emitter Saturation Voltage (Ic = 10 mA, 

EIT) MOP occ e css 5x. sncdecsed ends esesecesavsesescden's coceascesseensscdecesess 
Collector-Cutoff Current: 

erent ret Ose =" °C. occ cccccsvseccnsccctoccecssoseonsessrece 

Wier —meO mri a OLA 150°C \....c.crosevsestovsecovccessseseessees 
Collector Current, base forward-biased CVice “= -20 Vz 

Ne SO ra TA LOD LC) iecccccecescaccSduvedssesssea caccohcececenssvocesse 
Static Pulse Forward-Current Transfer Ratio: 

Wh temee— MMR ren om DO TYDVA. 225. o5c0sidcccccacecooesovssdenseebeadeasesnesateasecees 

RU cckia eee ee Gc, DOO! TA ori eae iocaccancccscesensacvencodasesanedes 
Small-Signal Forward-Current Transfer Ratio 

Wene—sl0sV. Io —" 20 MA, £ = 100 MGC/S) cibec..c.ccssseesees 
Input Capacitance (Vrs = —0.5 V, Ic = 0, 

Sea MEE MIU .S)) Bis. cee tstacccassestavevoatcss (cssensvaceessieseccarsussseesssccesteae 


Output Capacitance (Vcs = 10 V, In = 0, 
f = 0.14 Mc/s) 
Saturation Stored- -Charge Time Constant (Vcc = 5 V, 
Ic = 20 mA, Rc = 240 Q, In1 = 20 mA, Inz = —20 mA) 
Turn-On Time (Vcc =-5 .V, Ic: = 200 mA, Re = 23 Q, 


POP emer e ee ere reese eee ees Cees SEED EOH EOE TEED THESEUS OOOH STEREOS STSOOSE®S 


Ini = 40 mA, Ise = —20 mA). Be PR OEE 

Turn-Off Time ate = 5 V,Ic = 200 mA, Ro = 23 Q, 

Igi = 40 mA, = —20 mA) Ss VIS 3.5 45S Dae SRC ee 

Thermal Beeistarice, JUNCTION=1O=CASE — ........ccccccccssevecensereos 

Thermal Resistance, Junction-to-ambient  ...............c.00000 
TRANSISTOR 


VBR) EBO 


Vcro (sus) 
Vcrr (sus) 


Vcr (sat) 
Vege (sat) 


Icso 
Iczo 


Icry 


hre 
hrr 


5 min 


15 min 
20 min 


0.7 max 
0.8 max 


0.025 max 
15 max 


10 max 


30 to 120 
10 min 


3 min 
9 max 
6 max 
20 max 


40 max 


40 max 


145 
480 


2N917 
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pF 
pF 
ns 
ns 


ns 
°C/W 
°C/W 


Si n-p-n epitaxial planar type used in low-noise amplifier, oscillator, and 
converter applications at vhf frequencies. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage 
Collector Current 


COR e ee eee eee eee ee eae HEE OHO S OOH OESSOEEEEEsEeSOeEEees 
SHEEP ORO OOO e EERO Se ese ree eseDessesDOS SEES DOES EOES 
COPS eee eee SOE OEE ESTE EEE SET ESESSOSOS SDSS OSD ES OSIOES 


SOOO e eee eee ee ree EOE HES ES OEE OEE ST OEE LDSES OSES OEEOS OES FOSTER DEER EOSS 


Transistor Dissipation : 
AgelID. LO e2o.C 
DEG) ETD. HOD. PASSE Co py a ee Rig 
PEE ACO LeU AIIOM Cs, Ot Bees. oe tacccacectasescanchecceheesecuscibecdetaselsace 

Temperature Range: 
Operating (Junction) 
Storage 


POOR O meee eres re arere see een OSES IESO ESTEE OE OEEE SEES OHSS OOS ESEHEED HOOD 


SOR eee eee Hee HEHEHE EHS OOE SE EHO SOE SESE EONS EEEE ESSE OEE SEEDS 


SOR O Meee eee Eee OSeE Eee eesea seas reser esE TEES ESTEE EOESESES HOSED EEEOEEES ESET ESO EOSOSSES 


PCR esesceeoesersoseoeces 


Vczo 
Vcro 


TYPICAL SMALL- SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPE 2N917 
COMMON -EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 
FREQUENCY (f)=100 Mc/s 
COLLECTOR-TO-EMITTER VOLTS ( Vcg)= 4 
FREE-AIR TEMPERATURE 
(Tra) =25°C 


SMALL- SIGNAL FORWARD -CURRENT 
TRANSFER RATIO (hee) 


COLLECTOR MILLIAMPERES (I,) 


92CS-12846T 


30 Vv 

15 Cc 

3 V 

Limited by 

power dissipation 
200 mW 

300 mW 

See curve page 112 
—65 to 200 od 
—65 to 200 SC 
230 AG 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic =-0.001 mA, 

| ial |) arte. penne Riis iee A: te BO Pre htc al ee Ny ve ei VeR)cBo 
Emitter-to-Base Breakdown Voltage (In = 0.01 mA, 

Bett Orc Re rae ne ee ee V (BR) EBO 
Collector-to-Emitter Sustaining Voltage (Ic = 3 mA, 

Inv 0, tp = s00 HS, GE = 81%) et Vceo (sus) 
Collector- to-Emitter Saturation Voltage (Ic = 3 mA, 

Pee ak C5 As) ee es, ecavscsee celcs Since ence ae Vcr (sat) 
Base-to-Emitter Saturation Voltage (less "mn A* 

Te Ad 6 0.0 SMA) sb Mea terete ee celine Seles cant tees cee Vex (sat) 
Collector-Cutoff Current: 

Vien coho Vir Lie ==. 0, Tk 25° C eerie taca tent ati te a IcBo 

Vics 15. V > Ln. 0, Ta a= 150° CRS, cere tee Icso 
Static Forward-Current Transfer Ratio (Vcr = 1 V, 

De SA SA NV Pe eth oS 8 snaps cle va chvde tad boc seadeensi eat ead eee cs hre 
Small-Signal Forward-Current Transfer Ratio* 

(Vew == 102V, lo = -4'mA,*f = 100° Me/s) ocean: hte 
Input Capacitancet “(Ves = =< 05 Vi- Le —) 08 

OFT to! MEC/S) ea ie teehee Ee ee Cibo 
Output Capacitancet (Vcs = 10 V, In = 0, 

f=2021Storl Mc/s) eseecucancsesexsseatacecussasacdcconsocaseeat cecastemerseeinaeT Cobo 
Collector-to-Base Time Constant:* 

Ves = 16" Vic =" 4. mAwtt = 40.Me/s ne ee rp’Ce 

Ves =10 SVlos 04 mA f= 40 Mc/s ee eet rv’Ce 


Small-Signal Power Gain, Unneutralized Amplifier 
Circuit: * 


Vick" 10"V., 4: =o invA t= 200sMey/si aire: Gpe 
Vier = 7104V,.1lo = MASE "=72005MC/se. eee Gpe 
Power Gutput in Oscillator Circuit? (Vere s15 eV, 
Fo 8rmA). £2 (500: Mess Mik. eee eee Pop 
Noise | Figure} (Vox =(6°V,"lo = mAs Ra:=- 4000); 
Pies GO MECH SY cen iceen eee cma Meas eee ee aCe NF 


* Fourth lead (case) grounded. 
{ Fourth lead (case) floating. 


2N918 TRANSISTOR 


30 min 

3 min 

15 min 
0.5 max 
0.87 max 


0.001 max 
0.1 max 


20 to 200 
5 min 
1.6 max 
1.7 max 
75 max 
mk 
10 min 


6 max 


Pe ddd << 


BPR 


pF 


Si n-p-n epitaxial planar type used in low-noise amplifier, oscillator, and 
converter applications at vhf frequencies. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. This 
type is identical with type 2N3600 except for the following items: 


MAXIMUM RATINGS 


COMBSCtOR CUI FOR GG. orc crmntescs eG oreo ee eee Ic 
CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio* 
(f° 100 Me/s> Ven ='10°V,1o = Asm Aree eek. cus hte 
qe capeetaace (f =.0.1 to 1 Mc/s, Ves = 0.5 V, . 
aigaseeBhcued sani ven Patodes PASSE OO eT ee ib 
en rete eens (f= Ol stow Mc/s; 2 Vcr <= 70: s i 
Caweanncarsuacpescccsenedceccstevecessacessvcvasaces Sheeededbesedecmewnssescanuastasaen bo 
Collector: to-Base Time Constant* (f = 40 Mc/s, : 
Mice SoG VR Bes 2 TA eka Sts eis se ap enremetest rp’Ce 


Small-Signal Power Gain:* 
Unneutralized Amplifier Circuit (Vczn = 10 V, 


Ie Sm AP f= 200) MG /s + datscc etic eh se ecetencesetes Gpe 
Neutralized Amplifier Circuit} (Vicm ‘= 12 V3 

Bee ten Gan Ace Bi 2000 Mi cis yao oie ald eta rae Gpe 
Power Output, Oscillator Circuit (Vcz = 10 V, r 

Ta 2 Alt a BOOUNMC/ Sh: bt ci. ce then ce oe oe en eee Poe 


* Fourth lead (case) grounded. 
+ Fourth lead (case) floating. 


50 


6 min 
2max 
3 max 

15 


13 


15 min 
18 typ 
30 min 


mA 
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TRANSISTOR 2N1010 


Ge n-p-n alloy-junction type used in small-signal low-noise af amplifier 
applications such as high-fidelity amplifiers, tape-recorder amplifiers, micro- 
phone preamplifiers, and hearing aids. JEDEC TO-I, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .u..c...ccessssssssssssssssssssscscecccccessceeesesseees VczBo 10 V 
Collector-to-Emitter Voltage ou..cccccccccccccsececscessesssssseneeee Vcro 10 V 
Emiitter-to-Base: Voltage  ......:......cccscccsesossvscvesssesocscssessccccoseesese VEBO 10 V 
ROCIO LOTR CRE OIIG asccayiescasecnccdcci davon seen octsvasesescccddesesseduscdecesssuesueets Ic 2 mA 
BO NEE TEG oo conscavencucsevecdsocevssasossdvsvessuivides decdcdcssactevsseevecvs In —2 mA 
Transistor Dissipation: . 

ROS, Ss 53s ocicacr cacy aut oi dehesvaviet vecasanosiveedesevasvouneos sexs Pr 20 mW 
Temperature Range: 

OVETALHNS CAM DICNt) : sicsdeccec heli ceeds axsssssnckeassseveceoovscecssocsens sacs Ta (opr) 55 bi 8; 

BADE Gest s eats oreo cesecea users Wonsansey cocesberyocterdostesucnrnowsndnroodehsasasosnece TstG —65 to 85 ad 
Lead-Soldering Temperature (10 S MAX) oe eeeeeees TL 255 °C 
CHARACTERISTICS 
Collector-Cutoff Current (Vcsp = 10 V, In = 0) ............ IcBo 10 max HA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) ............ Izso 6 max uA 
Small-Signal Forward-Current Transfer Ratio 

Viere—wo-00.V,) Lp —0.3. mA, f£ =. 1 ke/S)) saciiiccccccoecs hte 35 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcs = 3.5 V, Ic = : 0. RP TNLAN Wid ocsactooiecccheaccare fnep 2 Mc/s 
Noise Figure (Vcr = 3.5 Vv, In = —0.3, Re = 1000 Q, 

integrated noise bandwidth = TRI CWS ie ec tes Sissctecesces dB 

TRANSISTOR 2N1023 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-44, Outline No.14. Terminals: 
1 - emitter, 2 - base, 3 - collector, Center Lead - interlead shield and case. 
For collector-characteristics curves and video-amplifier circuit, refer to type 
2N274. 


MAXIMUM RATINGS 


ROCCO Far O=S ASC VOLTA SC © wi. icns.c.ceosczccegecseossveseonsseqsecenesecossceroee VcBo —40 V 
Collector-to-Emitter Voltage (VBEm = 0.5 V) oc. Vcrv —40 V 
FIMILEEr=tO=Base Voltage  i....ccciccssavensccccessonsosencsscorssocncnssccensseeze VEBO —0.5 V 
PEGI CLO TO LEET CIN Hoon sos sos case a states ssescaces cchncsdessoseetacdesstessvovacsssessasee Ic —10 mA 
PYATE CO Top OOM ITE OTL Gi er, see veae occ ecroiecesst shavcesssscacccdectecessesescscecdesecncesesedsses Ir 10 mA 
Transistor Dissipation 
PI GAWNU ETL OM cd oscar ann dsp... chaaus shtonssccs svepenaeaboavenesstasccacthoocseeees Pr 120 mW 
PL PAMME CUED ONC EO On Oren eo resi yet scnca cases sibs cerdessosconscdcdeosesuseccseecadsuconctens Pr See curve page 112 
eGmlipeto. 2oc© “Gwith> heat SINK) )-<......cs.ccsecccccecsssnesvesecsses Pr 240 mW 
LemaApove..co Cc .Cwith heat ‘sink) | 255.0220 eee Pr See curve page 112 
Ambient-Temperature Range: 
Operating (Ta) and Storage (TSsTG)  o.....cccccesseccccccsesereee —65 to 100 cc 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —50 A, - : 
In TI) sconcanc it bee rien eRe H Oe EERE Sr ine cer COCR OREO VBR) CBO —40 min V 
Collector-to-Base Reach- Through Voltage ; 

SUED Es Me O03) Wad oc soos PION aces ccs ueoneles tosses se sensetecensoucds aiessstettataemaenns Vrr —40 min V 
Collector-Cutoff Piurteut (Vcs = —12 V, In = 0) ......... IcBo —12 max wA 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) .......... Irso —12 max LA 
Small-Signal Forward-Current Transfer Ratio 

cmeeeete Vm 1.53 A, ES Li KS). cnsccsvacceseses hte 20 to 175 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (Vcp = —12 V, Ip = 1.5 MA) ounces fneb 120 Mc/s 
Output Capacitance (Von = —12 V, Im = 0) cies Cobo 3 max pF 
Input Resistance (ac output circuit shorted) : 

Niches tomv, tno 1.5 mA; f= 50 M/S. ...cscccscccseceess Rie 25 Q 

Wtgee—te V,cip = 1.5 -mA,. f = 30 MC/S: 20, ceeecaenns Rie 100 Q 
euteut Resistance (ac input circuit shorted): 

Vor wedecoy, le — 1.5 mA, f= 50 MC/S ......ccjescsc0.0. Roe 8000 Q 

Vcr = —12 V, In = 1.5 MA, f = 30 MC/S crecscccsssssssseeee Roe 8000 Q 
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CHARACTERISTICS (cont'd) 


Power Gain, Single-Tuned Unilateral Circuit) : 


Ves =: —12°.V, Iw = 1:5 mA, f= "50, Mc/S 2c kiscecnces Gpe 

Ves = —12 V, In =°1.5, MA; f= 3O°MC/S: s.socee oc heceee Gpe 
Thermal Resistance, Junction-to-Case o...........ccccccceceseceeeeees @s-c 
Thermal Resistance, Junction-to-Ambient ..................00000 Qs-a 
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
DC Collector-to-Emitter Voltage oo.ccccccccccceccssessseseseessesees Vcr 
DCs Emitters Curren tases sscsreccedneotercs ss teontie acne necustnntascerss Iz 
SOUNCOEM MP ed anne ee ceicccsecsepinaes seta wacecoSaadkiecdheics austsossnison ceaceas ence Rs 
CAPACITIVE N LOA Were are seser oes schatecaassas sentanercueen outer dices 
FYVEQuency7 RESPONSE! Foo. esas eis cns seckegenecnsnadasavosevntassalectusdibe. 
Pulses Rise wT im Gis fee eee ee tr 
VGlta Ser Gali Fe ek een Rete 
Maximum Peak-to-Peak Output Voltage ............ cece 


6 
20 c/s to 11 Mc/s 
0.032 


26 
20 


2N1066 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - case and interlead shield. This type 


is electrically identical with type 2N1023. 


2N1090 COMPUTER TRANSISTOR 


Ge n-p-n alloy-junction type used in high-current medium-speed switching 
circuits in electronic computers. JEDEC TO-5, Outline No.3. Terminals: 


1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage  o....cccessssscccesssscccesssrecessersccecsenes Vcso 25 
Collector-to-Emitter Voltage: 

ESD ope eel bon ze Wie ely eee ORR Ey ere ee eet aS Sees Kerr re Vecrv 18 

FS AS COP Oi rae cers ieee: sececnscsyan Suscsueceativeceescnoncnion eorenk eave ee ee VcEo 15 
Emitter=to-Baser Voltage oe. ciicicc oc ctkccostecsssen ier ccsotevaetotnciitetions VEBO 20 
Collector’ Curren tic scce oe es Ic 400 
Femitterss Current tyccctccteccceccscccncesaccts sate rate csst con os oon ae eer meee Iz —400 
Transistor Dissipation: 

ph cma ead © ON Cee oes as hna a odnsmavat et Maines cP ete CaoT ALT ae eae Pr 120 

TAG as FO Gm eartclassaeccrvecuncnsete tei teectTs notee eee Tee ea Remeetarte Pr 35 

PD Aes ONC RE, ea acaa dels ee ete sa cee Sacer Ete ON Pr 10 
Temperature Range: 

Operating. CAmDient)}  ooi5 5.2 kcsccesccetes tessoseseditoccavorees ssabeestteeses Ta (opr) 

S20) YC. iar, Spe er Ren Acar, MEPS To eieeafe tae D veceelae AN fe Amie ee ars TstcG —65 to 85 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 25 wA, 

Iz 0) sh ccecaseceasanecigaccrastectcscsoracousdee ection Metco ener ete eens VBR) CBO 25 min 
Collector- to-Emitter Breakdown Voltage (Ic = 600 wA, 

Is WD) Oa oc toacdakssccareeudesdur eeeeiaete ee tnactentstia eterna ites V.sR)CEO 15 min 
Emitter- to-Base Breakdown Voltage (Im = 25 wA, 

Ruts O ck eae es ea TR Mes eee Ver) BB0 20 min 
Base-to-Emitter Voltage: 

Io2= 20 MmAFaI pe (0.67 mA oc. a eaeictin ea Sa aee Van 0.4 max 

Ic = 200 mA, Ppe LOS A Eva’, iccscscccasttccensce tet Vsn 1.5 max 
Collector-to-Emitter Saturation Voltage: 

Fe: = 20 mi A Tp == 0-67 FAL... ccccostvitvnak Ratoni aes heard Vcr (sat) 0.2 max 

Ic = 200 mA, Ip = 10 MA eee Vcx (sat) 0.3 max 
Emitter-to-Base Reach- -Through Voltage 

CV Bw Fs EBV i reli rackets ccc ath on ev duce eacatecs bee teen ose Tad Vrr 18 min 
Collector-Cutoff Current (Vcsp = 12 Be In =O} EAE Icso 8 max 
Emitter-Cutoff Current (Vesp = 5 V, Ic = 0) cicscssccseees Izzo 5 max 
Static Forward-Current Transfer Ratio: 

Vows 0-25 V.,. 16 = 220 OIA, § iii deaaiteidesenca ee hre 30 min 

Vor c= A037,V 116 h es 200 Rie A acthivaveeins ett hre 20 min 
Small-Signal Forward-Current Transfer-Ratio 

Cutoff Frequency (Vcs = 6 V, Im = —1 mA) .......... fntp 5 min 
Output Capacitance halle =sGeV, Inge 0) cise es Cobo 25 max 
Stored Base Charge (Ic = 20 mA, Is = 1.33 mA) ........ Qs 1600 max 


353 
aq 384 Bbc < 


Pra dd 4d ss 


EE 
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COMPUTER TRANSISTOR | 2N1091 


Ge n-p-n alloy-junction type used in high-current medium-speed switching 
circuits in electronic computers. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. This type is identical with type 2N1090 
except for the following items: 


MAXIMUM RATINGS 
oe eee Voltage: 


MM anos vasaccncosceneeceus sou~duccctccuecseseccecousedictedives cclvudsonle Vcrv 15 V 

a roo c cas ssn ess aasdabah setcevesteh csss cuvcoVaccoutcosttvestadervvcnaoske -  VcEo 12 Vv 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (Ic = 600 yA, 

NR Eo Sk ces wens sco ones cssontes éocécaesecectachgsociovvonccureccccessoss VBR) CEO 12 min Vv 
Base-to-Emitter Voltage: 

Ramee e eM Pee OS TNA on. cacccccce beveccesskachesccsescie. VBE 0.35 max V 

Pa SED fe Sy iy + 0 V. Qgmcnmet s oy a Oy g I Ce VBE 1.1 max V 
Collector-to-Emitter Saturation Voltage: 

reece aN a, BRE O25 TVA 2)... cc ccccccccocesetecgsascsonscdacooacobole Vcr (sat) 0.2 max V 

eae WENN ty Gs Ty IIA? cos evvesacdccdsnnpdeesdchnogdclvccbsbsacetes Vcr (sat) 0.3 max Vv 
Emitter-to-Base Reach-Through Voltage : 

(ON Sat aN) a ey aN a i ltl dy Vrr 15 min V 
Static Forward-Current Transfer Ratio: 

SS S| Pets | 6 0 0 We ny oP a hre 40 min 

eR emt EN Ee me SU) TITAN.) ...,ccceluconcherscceenpcecavercschoccscdee hre 30 min 
Small-Signal Forward-Current Transfer Retio 

Cutoff Frequency (Vcs = 6 V, In = —1 mA) ............. fntb - 10 min Mc/s 
Output Capacitance (Vcs = 6 V, Im = 0) cicceccececeeeees Cobo 25 max pF 
Stored Base Charge (Ic = 20 mA, Is = 1 mA) ............ Qs 1000 max pc 

POWER TRANSISTOR 2N1099 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits, and in low- 
frequency oscillator and audio-amplifier service. It is stud-mounted to pro- 
vide positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: 
Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This 
type is identical with type 2N173 except for the following items: 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI099 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE =25°C 


COLLECTOR AMPERES 


MILLIAMPERES= 


i) -10 -20 -30 -40 -50 -60 -70 -80 
COLLECTOR-TO-EMITTER VOLTS 92CM-10733T 
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MAXIMUM RATINGS 


Collector-to-Base Voltage (VB = 1.5 V)  ....eccsseccscssssoes Vecsv —80 V 
Emitter=t0=basein VOLTA SC eee tcccpsctccesencccestysscersasteccrasesscaccnceccasen VEBO —40 Vv 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage: , 
Ic = —0.3 A, Rep call |e pee RA EN Sete he Rie Sry Po Co V(BR)CES —70 min V 
Ic = —1 A, Is Qed eerees eicacssctnco tet tevoste Loces eens treeeeeeateenesaes V(BR)CEO —55 min V 
Base- -to- Emitter Voltage (Ic = —5 A, Vcz = —2 V) . VBE —0.9 max V 
Collector-to-Emitter Reach-Through Voltage ................ Vrr —80 min V 
Collector-Cutoff Current: 
MCBua=4— SOV se kie = On DG nO. Co terscscnereectuasercaaecsictassedence IcBo —4 max mA 
VicBe=—b—SO0eV5i0N =O): Gem CLC... ccccsvececescscssesssossnesensstes Icgo —15 max mA 
2N1100 POWER TRANSISTOR 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits, and in low- 
frequency oscillator and audio-amplifier service. It is stud-mounted to pro- 
vide positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: 
Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This 
type is identical with type 2N174 except for the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (VBE = 1.5 V). on... cecececesseteeeees Vcsy —100 V 
Emitter=to=Bases Voltage ys ..ciiscsseisdceecttecesoecsste bebe cbeswteteseecedes VEBO —80 V 
CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 
Cee — OL A ECB I ak Oli crcescanectracectteaccsettostccscere eecerisecteerereees V(eR)CES —80 min V 
Bet tee ees WRONG 8 samen | Se RMN AE Ee ies 9 Bis Pr ae ame 8 bs 8 | ae V (BR) CEO —65 min V 
Emitter-to-Base Voltage (Vcsp = —100 V, Im = QO) ......... VEB —1 max V 
Collector-to-Emitter Reach- -Through Voltage Daal Midaveacs Vr —100 min V 
Collector-Cutoff Current: 
Viepa=<—1L00KV sli =20, TOF = 258 Cy en cseek cece Icgo —4 max mA 
VCH =e LOO BV pee Lite =~ Opal Ca td Le Cipenccete eecrtn peace Cesecerse IcBo —15 max mA 
Emitter-Cutoff Current: 
VB 6 == BO Vig LG ask OF aoceec ns nate ieee Rh eter eee os eae Ingo —1 typ mA 
VRB OU Vis eh a O hee, chro concadeses coveeotince cecctoanncrame anes Inno —4 max mA 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI100 
COMMON-EMITTER Sie ab BASE INPUT. 
CASE TEMPERATURE =25°C 


COLLECTOR AMPERES 


-60 ~80 -10 
COLLECTOR-TO-EMITTER VOLTS 92CM-10724T 
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2N1177 


Ge p-n-p alloy-junction drift-field type used in radio-frequency amplifier 
applications in FM and AM/FM radio receivers. JEDEC TO-45, Outline 


No.15. Terminals: 1 - emitter, 
collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Emitter-to-Base Voltage 
Collector Current 
Emitter Current 
ier s ae sealed 


PERM NRE toca soe coca s csc socsecdancscecsecdsseceetecdeabercccesabeepncdetsctic 
ASS ° 

SUB AM SSG Nae occ cosceasssdecoasecedessecoavceccestcsvocovocesessuus secs 
fo ° 

SBR AWM MADE SAU Eee sec cs cosa cS YoUcN chccccsaeseiusccctcecececocearevsvececocedtodecee 


Temperature Range: 
Operating (Ambient) 


aM OM ooo oa salen rssoscseivigrdavvnsseusecussarctcesesorncctocene 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Var = 0.5 V, 

NE MM renner, d5 cs avonacsoneees idesesacoleies secgasuchiencgeewastenoece 
Collector-Cutoff Current (Vcp = —12 V, Im = 0) ou... 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) ........ 
Small-Signal Forward-Current Transfer Ratio 

Vcr = — meres ee OAS a be / 6) scccadoxensescsnces 

Small-Signal Forward-Current Transfer-Ratio 

Cutoff Frequency (Vcs = —12 V, Ic = —1 mA) ......... 
TYPICAL OPERATION 
ee RT RAG eho Sas cas nnnvclysonscateinestodabeosqasshussoesennacsscsenehors 


DC Collector-to-Base Voltage 
DC Emitter Current 
Input Resistance (ac output circuit shorted) 
Output Resistance (ac input circuit shorted) 
Maximum Available Power Gain 
Extrinsic Transconductance 


TYPE 2NII77 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25°C 

PIN 3 CONNECTED TO GROUND, 


COLLECTOR MILLIAMPERES 


Fase oly 
ava 
ey |. 
le oe ee Ee ee 
Pe toe | 


IZ 
Fed 
NK 
a 
(ee 
ia 


eee eer eee reer errr ere rer iter reer rire rrr ttre y 


SOOO O OOOOH ROOD OOOO OHO DEST EES DUE ODEO SESS ESOS OOD OOSEOD 


POOH EHO SOTTO EEL EEE EDEEHEE OOHRS SES ESES DOSES OFES EOE ES EOE EEOOSE RESO OOED 


SHOR OR TCO R ODEO H EELS RES ELE O SEO EE OEE OOO ESETEOOH ODEO OES OEE S SOOO SESE ODED 


SPM SOLO OHO SOSH OEE OO ESOT OOOH HESS OOOOH EEE SEED SEES ESSE OSES 


eC e UCU CUCU ECUe Cer er err errr rer iit errr rr) 


POOP C Cee Oe ERE EOE EE DEO SESE OOOH SEES ORES OOOO DSSS ES EE DOSE ES OO SSIES 


Orecsesoveccoece 


eocecsoesccscors 


Poe ee eee oe oreeerersesseesosereesesoeee 


POO ee OE OE EHO OEE E EHO ESE EHE ODES S OSES OSES EOOHESES 


POO eee ee eee eee HEE eee HE Oe OSES EEE SOOOES OEE 


Ta (opr) 
TstcG 


V(BR)CBO 
Iczo 
Izso 


frev 


=2 -4 -6 -8 -0 -2 -4 -6 -1 
COLLECTOR-TO-EMITTER VOLTS 
TRANSISTOR 


-20 


=22 


2- base, 3 - interpin shield and case, 4 - 


—30 V 

—0.5 V 

—10 mA 

10 mA 

80 mw 

50 mW 

23 mW 

71 ie 

—65 to 85 °C 

—30 min V 

—12 max LA 

—12 max pA 
40 to 170 

140 Mc/s 

100 Mc/s 

—12 V 

1.5 mA 

a800 Q 

14 dB 

24250 ywmhos 

pF 


=24 
92CM—l0200TI 


2N1178 


Ge p-n-p alloy-junction drift-field type used in radio-frequency oscillator 
applications in FM and AM/FM radio receivers. JEDEC TO-45, Outline 
No.15. Terminals: 1 - emitter, 2 - base, 3 - interpin shield and case, 4 - col- 


160 RCA Transistor Manual 


lector. This type is identical with type 2N1177 except for the following 
items: 


CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(Viens "6a Velo 1 A et ICS) Mere ceressesecerea oes hee 40 to 275 
TYPICAL OPERATION 
HPCQUETIOC Yi a trrcteiostyncsttrcreseteratcetysthiaaeesieeariSeves terion aneerre rate temnte ce f LOR? Mc/s 
DC. Collector=to-Base Volta gene. .ii cicciscccesssscssccsntercsesogevesvveses Vcso —l1 V- 
DESEMITCEr RC ULTen lor. ves ntercs anne tte ooachetececoe one ene yes Ir Bs) mA 
E-XLEINSIC ey OLAansCONnductance cusses rca tnerneteeene £m 21800 ywmhos 
Collector szOutputs Capacitance ganna Cobo 2 pF 


2N1179 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in radio-frequency mixer appli- 
cations in FM and AM/FM radio receivers. JEDEC TO-45, Outline No.15. 
Terminals: 1 - emitter, 2 - base, 3 - interpin shield and case, 4 - collector. 
This type is identical with type 2N1177 except for the following items: 


CHARACTERISTICS 

Small-Signal Forward-Current Transfer Ratio 

Ven —6) V,41c == mA Si 71) ke/s) (eee eee hte 40 to 275 
TYPICAL OPERATION 

FUT OQUICTIC Yorre tipaissab ss tates ddilac cata condasdunn cast cc ove eeveoM eee weee Leer ee es f 100 Mc/s 
DP Comi tte tees CULE OMG a cea ccsces sree Aencrontaeeesenees seietee en eS Iz 0.8 mA 
Input Resistance (ac output circuit shorted) ................ Rie 40 Q 
Output Resistance* (ac input circuit shorted) ............ Roe 90000 Q 
Maximum Available Conversion Power Gain ................ 17 dB 
RMS Base-to-Emitter Oscillator-Injection Voltage .... 125 mV 
Extrinsic Conversion Transconductance .........cccceccssceeeees gm 7500 yuwmhos 


* At intermediate frequency of 10.7 Mc/s. 


2N1180 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in intermediate-frequency am- 
plifier applications in FM and AM/FM radio receivers. JEDEC TO-45, 
Outline No.15. Terminals: 1 - emitter, 2 - base, 3 - interpin shield and case, 
4 - collector. This type is identical with type 2N1177 except for the follow- 
ing items: 


MAXIMUM RATINGS | 


Emitterato=Base “Voltage: — 2 .i..cccckslescceccsceecssccesdeossevvtosooccacosstease VEBO —0.5 V 
CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

Cutoff Frequency (Vcs = —12 V, Ic = —1 mA) ......... fred 100 Mc/s 
TYPICAL OPERATION 
BY OQUCIIC Yio ay cores cnonnsccact scat onde ter eee aot oea de sates ea ce seente es aesanescessts if 1037 Mc/s 
DC’ Collector-to-Emiitter: (Voltage ooii.iiic.cccccccccssecescoceseosedoencs Vcro —12 V 
Input Resistance (ac output circuit shorted) ................ Rie 325 Q 
Output Resistance (ac input circuit shorted) ...........0.... Roe 24000 Q 
Extrinsic DPransconGductanc epeetcns ccct.secesssceotcecctenen lt seedones gm 40250 uwmhos 
Power Gain: 

Maximum | availa bler cwnset.sc- tetra ead MAG 35 dB 

Maximum useful: 

Circuits neutralized se accttate.. os tic tee cciberasss crete ares MUG 23 dB 


Circuit“unneutralizedt 7s Sh. ee ee ees MUG 20 dB 
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2N1183 
2N1183A 
2N1183B 


Ge p-n-p alloy-junction types intended for use in intermediate-power switch- 
ing and low-frequency amplifier applications in industrial and military 
equipment. JEDEC TO-8, Outline No.5. Terminals: 1 - emitter, 2 - base, 


3 - collector and case. 


MAXIMUM RATINGS 


2N1183 

Collector-to-Base Voltage ....... Vczso —45 
Collector-to-Emitter Voltage: 

DE Ea oo a Very —45 

Bi Paced cre insets scisessscsrecsostve VcEs —35 

BS ASE BOG 9 o5.oicsoscsenisancensesssceecese Vcro —20 
Emitter-to-Base Voltage .......... VEBO —20 
Collector Current: ....0.....c.ccccscccese Ic oe) 
PINICLEL: CULL ONG oiievcssccvdsssccnsoasees Iz 3.5 
SAS CMC ULL OTIUED o..ccccceseccssasccccessoceccese Ig —0.5 
Transistor Dissipation: 

AIRE OC Cisco conc csreseicaitveons Pr 1 

EL SIC oO Cy 4p ek Pr 

Le upeto 125°C 

(with heat sink) .........00... Pr 7.5 
Tc above: 25°C 

(wathoneatisink)*. <..0..:64.00 Pr 

Temperature Range: 
Operating (Ambient) ............ Ta (opr) 
SM NNN a Lia odocneannccdoconivedilnne TstTc¢ 
CHARACTERISTICS 
Collector-to-Emitter: Voltage: 
Ic = —50 mA, Ree = 0 ......... Vors —35 min 
Vee = 1.2 V, Ic = —250 mA Very —45 min 
tCg DOP INAS “ln =" 0" oe VcEo —20 min 
Emitter-to-Base Voltage: 
(Vcr = —2 V, Ic = —400 MA) Ves 1.5 max 
Collector-Cutoff Current: 

CBee w— IOV ein == Oo .cs.ciccces Icso —30 max 
Viese= —45 V, In = 0 ..2........ IcsBo —250 max 
Vics —60: V, (In =~ 0............ IcBo — 
Wiere————S0-V, 01m = 0: x....cceccss CBO — 

Emitter-Cutoff Current 
(Vie = —20-V,-Ic = 0) 8%... Izzo —100 max 


TYPE 2NII183B 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 

WITH HEAT SINK. 


COLLECTOR MILLIAMPERES 


ona 
== 
ae 
oars 
Bee 
Tee 


2N1183A 2N1183B 
—60 —80 
—60 —80 
—50 —60 
—30 —40 
—20 —20 
—3 —3 
3.5 3.5 
—0.5 —0.5 
1 1 
See curve page 112 
7.5 7.5 
See curve page 112 
—65 to 100 
—65 to 100 
—50 min —60 min 
—60 min —80 min 
—30 min —40min 
1.5 max 1.5 max 
—30 max —30 max 
—250 max = 
— —250 max 
—100 max —100 max 


(0) =O 4 Ogu Om —Wesscie. 7-14 iG sto—1G. a —2O 
COLLECTOR-TO-EMITTER VOLTS 


92CM-10425TI 


S Ff ppepdddd < 


aa 
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CHARACTERISTICS (cont'd) 


Static Forward-Current 2N1183 2N1183A 2N1183B 
Transfer Ratio (Vcz = —2 V, 
TG —4.00 VA) a occcceesccccpectonsse hre 20 to 60 20 to 60 20 to 60 


Small-Signal Forward-Current 

Transfer-Ratio Cutoff 

Frequency (Vcs = —6 V, : 

Dapp LCDI ip ierccenctcetisecescssseceonee fneb 0.5 min 0.5 min 0.5 min Mc/s 
Collector Saturation 

Resistance (Ic = —400 mA, 


Tes — 4 OG VAN eink, cescnateaaecogeece 1.25max 1.25max . 1.25 max Q 
Thermal Resistance, 

JUNCtION-tO-CASE ou. .ceseseeeeeseeeeee Qs-c 10 max 10 max 10 max °C/W 
Thermal Resistance, 

Junction-to-ambient ............... Qs-A 75 max 75 max 75 max °C/W 
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
DC. Supply Voltage onncinic.cccsscscscscccssocveccsenngessorcnseesavoseneassscpoooes Voc 15 V 
DC 2 Base=Biass ViOlta 2 eGo rrvecscscc.so0s-sevetesbvovssccsssoccesecacscacnco¥ecpsvesseses VBE 12 V 
“On? DCs Collectors CULTEN tir reticorincs te eet ssastesstattacemadeteasess Ic —400 mA 
Turn -On Base, CULremt < iicciccccccscestocesonecesctssscsacsacseseccsanaraetads Ip1 —40 mA 
STM arn<Oft TE BAaSG ACUTTENE osec Soccer rc eeahae see aceasta aopetnobaceets Ine 40 mA 
Generator CResistance: eicscsccscccoocecccsheesusinsccencscacccnesecaveassosesoddeeets Re 50 Q 
DLA YU AIT G eiaes cadences vccnleneetevessvatocdeseccte pad tece) soe enhcognr santa onfaveesaedentors ta 0.2 us 
MRIS© SET Lee eos cee eerie eae cts Gotan ee Saeco ea cates essa ea tusto test cate > 2 us 
StOTAa Pes THM S iacc.ccncespedysscucconciccslncds daddotiacessestccervoate del Orccssusceccsacse? ts 1.8 us 
TOPS lepeal bp ho 0 Vay oi nate peep ape tek ny Wei Raed eatin Oo ot TO le pete ao MER eR SC tr 1.4 us 


TYPE 2NII83B 
COMMON-—EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 

WITH HEAT SINK. 


COLLECTOR AMPERES 


O -2 -4 -6 -8 -10 -l2 -l4 -i6 -I8 -20 
COLLECTOR-TO-EMITTER VOLTS 92CM-10440TI 


TYPICAL TRANSFER CHARACTERISTIC 


TYPE 2NII83B 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 

WITH HEAT SINK. 


COLLECTOR AMPERES 


+ _ 
92CS-10457RI 


OPSOS itp ae Tere oe Bi, B: = 12 volts 
EMITTER-TO- BASE VOLTS Ci = 10 uF, electrolytics, 25 volts 
92CS-10433T! Ri = 51 ohms, 2 watts 


Rz = 120 ohms, 2 watts 
Rs = 230 ohms, 1 watt 
= 29.5 ohms, 5 watts 
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 2N1184 
TRANSISTORS 2N1184A 
2N1184B 


Ge p-n-p alloy-junction type intended for use in intermediate-power switch- 
ing and low-frequency amplifier applications in industrial and military 
equipment. JEDEC TO-8, Outline No.5. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. These types are identical with types 2N1183, 2N1183A, 
and 2N1183B, respectively, except for the following items: 


CHARACTERISTICS 2N1184 2N1184A 2N1184B 
Static Forward-Current Transfer Ratio 
OW CW PN 0 -—400 MA) Fool. clncnccsecteeccestedeseon hre 40to120 40t0120 40to120 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NII184B 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE =25°C 

WITH HEAT SINK. 


COLLECTOR MILLIAMPERES 


WAAAY | 


Oo -2 -4 -6 -8 -10 -l2 -14 -16 -I8 -20 
COLLECTOR-TO-EMITTER VOLTS 92CM-10426TI 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NII84B 
COMMON-— EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 

WITH HEAT SINK. 


COLLECTOR AMPERES 


S679) -S: -c=lOin 124 \=14.5.5-16. 5.1809 —20 
COLLECTOR-TO-EMITTER VOLTS 92CM-10439TI 
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2N1224 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf-and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is electrically identical with type 2N274. 


2N1225 | TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-33, Outline No.10. 'Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is electrically identical with type 2N384. For collector-characteristics curves 
and video-amplifier circuit, refer to type 2N274. 


2N1226 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N274 except for the following items: 


MAXIMUM RATINGS 


Collector=to=Base” VOlta ge | s2ccc.eiicocncencaset ebteceencecactacttinteowees VczBo —60 V 
Collector-to-Emitter Voltage (VBH = 0.5 V)  ccccccsseee VcEyY —60 V 
CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (Ic = —50 wA, 

A 6 iia |) ee A ee eee Caren Uae Senne Se NE a ee V(BR)CBO —60 min V 
Collector-to-Emitter Reach-Through Voltage 

CV iia 5 AY ie dkny etiam nee ler avh erica riies Vr —60 min V 

2N1300 COMPUTER TRANSISTOR 


Ge p-n-p diffused-junction type used in computer applications in com- 
mercial and military data-processing equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector=to=BaseLV OAC boo. iic.ceccccceveceecscaneclascdsecdersncsseceteesiees VczBo —13 V 
Collector-to-Emitter Voltage .u.....ccccccccclsscsscccssssssccssssseceeseves VcEo —12 V 
Emitter-to-Base Voltage*®  cisccccccccccccscccssssscsssssssscccsessssecssssscesses VEBO —1 V 
Colléctar tC ureenn§ 75 oot tecatia ences tasete abet oscad enter Ic —100 mA 
Emitter} Curtent Per ett oc occa tocsecee eae oetnch ate Ir 100 mA 
Transistor Dissipation 

2 A ee a ag PS A RS RO We oe Ok Sie i 8 E Mpcye smn, Pr 150 mW 

CA Rare Bae Saag 8G Ein Mae ie 2) SP RRO SSS AS Oe nee arene oy Pr 75 mW 

I rm a SD nie tales Mareen, Somer ete ORR Rape be MCRAE UE, ser Pr 35 mW 
Ambient-Temperature Range: 

Operating (Ta) and Storage ©('Ts1G)  .c.cccccccccososecarneescees —65 to 85 io 
Lead-Soldering Temperature (10 S Max) cesses Tr 255 ial 
CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (Ic = —0.02 mA, 

bh Mais | ais Hors atl Resmi rented Seen So 8 OR Tene ip CEE ee Vier) cBo —13 min V 


Emitter-to-Base Breakdown Voltage (Ir = 0.1 mA, 
LG = O) ppeiieeetit ons accetsinciasoncactec ote Ae ee VR) EBO —1 min V 
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CHARACTERISTICS (cont'd) 


Base-to-Emitter Voltage (Ic = —10 mA, 

TIAN i oon ave.ncsnpoveoenvencsnsysnskcsestecers aseidousin Sedihisgoee dey VBE —0.4 max V 
Collector-to-Emitter Reach-Through Voltage .......0..... Vrr —12 min V 
Collector-Cutoff Current (Vcs = —6 V, Im = 0) uu... Iczo —3 max pA 
Static Forward-Current Transfer Ratio 

De erm IV gE LOU INA) ooo ccnsectecnctcnvsesoctercecesdeveve hre 30 min 
Gain-Bandwidth Product (Vcr = —3 V, Ic = —10 mA) fr 25 min Mc/s 
Output Capacitance (Vcp = —6 V, Im = 0) ceeeccccccsscseeee Covo 12 max pF 
eee POM CNR OONISTANIE. 1... -crececcesuccevcosscncscoccercatcespeoucdeccsneacss 7 (thermal) 10 ms 
Total Stored Charge (Ic = —10 mA, In = —1 mA) .... s 400 max pC 
Thermal Resistance, Junction-to-Ambient .....cccccccccccecses Osa 400 max °C/W 


*This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25°C. For ambient temperatures above 25°C, the dissipation must be reduced 
by 0.5 milliwatts per °C. 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2NI300 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Ta)=25 °C 


COLLECTOR MILLIAMPERES (Ic) 


(0) 0.1 0.2 — 0.4 O5 0.6 
BASE-TO-EMITTER VOLTS (Vor) 
COMPUTER TRANSISTOR 2IN1301 


Ge p-n-p diffused-junction type used in computer applications in data- 
processing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. This type is identical with type 2N1300 except for the 
following items: 


MAXIMUM RATINGS 


ite OE ISPRESASE o OV OIA LE 5. cise a2scie)sercessssiivisisiacacsancsceeevecgescere VrEBO —4 V 
CHARACTERISTICS 
Emitter-to-Base Breakdown Voltage : 

RM MERTAPA LG 8 YL), abe cavscnsacdctmecescscanivscvecsssrevecceccosere VBR) EBO —4 min V 
Base-to-Emitter Voltage (Ic = —40 mA, In = —1 mA) VBE —0.6 max int V 
Static Forward-Current Transfer Ratio: : 

is eet Mg LG) ms) — LOTTA. | ciseis.coccssensincveosccecococdushcensncons hre 30 min 

etn i D6) — AO TIGA annonce noocossaceeccaccnssversgadveceedoe hre 40 min 
Gain-Bandwidth Product (Vczm = —3 V, Ic = —10 mA) fr 35 min Mc/s 
Total Stored Charge: 

Pp a 0 BR SES I 5 9. Qe ean Qs 325 max pC 

Me meee OETA ir Uva Si Bs TVA ih 8 Eh add ickchdackbencvedcens Qs 800 max pc 

COMPUTER TRANSISTOR 2N1302 


Ge n-p-n alloy-junction type used in medium-speed switching applications 
in commercial and military data-processing equipment. The n-p-n construc- 
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tion permits complementary operation with a matching p-n-p type, such as 
the 2N1303. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 


and case, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 
TURE UP: LORS 6 we scsessscxcsedsontcabdedivoss sagann SEAR: tevase BE etc 
Ta above 25°C 
Temperature Range: 
Operating (Junction) 
Storage 


COE E eee OEE OOH HEE e Eee HEH SEH EEEH OE OEEE OEE EEEEEEE® 
POOH e HH Oe OOOO TOE HAO EEE HEE E OEE EEEOEHEE DHE EHHE ESTE EES 


COO e memes ee rere ee ee sree eee EE HOO EE HHF ESE OEESESESESHS SHEESH ES OESESESESD 


CORO a eee meee e eee ee eee eee eee eH EeH EHO EE ERO ESO EEE ESEEEEESESEEE ESSE SES 


ee eee errr eer errr errr err er errr ee eee eee ee ey 
SATOH OEE TEESE e eRe eH ee eaes eee eee EEE EOEE SEH OHH EH EEE EEO EEEE EES ESESEOEEESESE OOOO EES 


Pee eeeneereeesseneseseee 


CHARACTERISTICS 


Collector-to-Emitter Saturation Voltage (Is — 0.5 mA, 
Tegel Obs A.) se. Ae ee ee 28 a ee On es 
Base-to-Emitter Voltage (Ins = 0.5 mA, Ic = 0) 
Collector-to-Emitter Reach-Through Voltage .......00....... 
Collector-Cutoff Current (Vcp = 25 V, In = 0) 
Emitter-Cutoff Current (Ves = 25 V, Ic = 0) 
Static Forward-Current Transfer Ratio: 
Viens Le Ve aS 10 rin A eee ee ee eee or ee 
Vcr = 0.35 V, Ic = 200 mA 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Vcp = 5 N,-Ins=s=1) mA) 
Output Capacitance (Vcs = 5 V, In = 0) 


2N1303 


eeeeeeee 
eeerceee 
ee eeerereeee 
DORR Oe eee reece s sees eras sees sees esse eeeeeees 


Cone ececesssccccereesees 


COMPUTER 


Vcso 25 V 
VEBO 25 V 
Ic 0.3 A 
Pr 150 mW 
Pr See curve page 112 
Ts (opr) —65 to 85 ce 
Tst¢ —65 to 100 cc 
TL 230 4 
Vcr (sat) 0.2 max V 
BE 0.15 to 0.4 V 
Vrr 25 min V 
Icso 6 max LA 
IrBo 6 max LA 
hre 20 min 
hre 10 min 
fntb 3 min Mc/s 
Cobo 20 max pF 
TRANSISTOR 


Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1303 is the p-n-p complement of the 
n-p-n type 2N1302. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 


2 - base and case, 3 - collector. 
MAXIMUM RATINGS 


Collector-to- Base -~ Voltages gto iaeesn inetd eens 
Emittersto-Bases Voltage isis. Races cacesies ace Ree onde 
Collectors Current iis terra caer eee ee eon, oe 
Transistor Dissipation: 

Lk MUON cept os lsn Shiaaiass sans BaesiviCn ee ee 

TAVPADOVE E20 tb cin ckar eo ete eee ee ee 
Temperature Range: 

Pera tin eee (JC llONy © case. cazeac.s tap stsetlet sees eee acca, eae 

LOLA SR ih .ts.te eae ee as reise ee 
Lead-Soldering Temperature (10 Ss Max) cies 
CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(in iae 0.0 A, Gee LOLA be eB eae 
Base-to-Emitter Ages (In = —0.5 mA, 

(oie mn aa MB 6 60 = Nenana a ber AER ihre event relaande rain el RAD 
Collector-to-Emitter Reach-Through Voltage ........... 
Collector-Cutoff Current (Vcp = —25 V, In = 0) ......... 
Emitter-Cutoff Current (Ves = —25 V, Ic = 0) ....... 
Static Forward-Current Transfer Ratio: 

Vow Sey Tee 10 mA le ee er eis eee 

Ven S=2--0.3000; less 260 mA Cee Se Ss 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Ves —5 Vy Tm = 1 MA) © ceccccccccccccccsseccsse 
Output Capacitance (Vcp = —5 V, Ip = 0) ceeccesscssseseseeee 


2N1304 


Vcso 
VEBO 
Ic 


Pr 
Pr 


Ts (opr) 
TstG 
Aine 


Vc (sat) 


VBE 
VR 
Icso 
Inso 


hre 
hre 


fnep 
Cobo 


—30 V 
—25 V 
—0.3 A 
150 mW 
See curve page 112 
—65 to 85 me 
—65 to 100 °C 
230 x, 
—0.2 max Vv 
—0.15 to —0.4 Vv 
—25 min at § 
—6 max LA 
—6 max LA 

20 min 

10 min 
3 min Mc/s 
20 max pF 


COMPUTER TRANSISTOR 


Ge n-p-n alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The n-p-n construction permits complemen- 
tary operation with a matching p-n-p type, such as the 2N1305. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base and case, 8 - collector. 
This type is identical with type 2N1302 except for the following items: 
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CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (In — 0.25 mA, 

dade Ulead aA an Vcr (sat) 0.2 max V 
Base-to-Emitter Voltage (Ins = 0.5 mA, Ic = 10 mA) VBE 0.15 to 0.35 V 
Collector-to-Emitter Reach-Through Voltage «0... Vr : 20 min Vv 
Static Forward-Current Transfer Ratio: 

eet AO ATTA nok. oconcciveceovencessnseeciecseorecscesins hre 40 to 200 

i 2 i URIs Ve RG o 6 6 > na ere re a CE hre 15 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Prequency: (Vos —-5°Vi lw = —1 mA) o so22):....... futb 5 min Mc/s 

COMPUTER TRANSISTOR 2N1305 


Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1305 is the p-n-p complement of the 
n-p-n type 2N1304. JEDEC TO-5, Outline No.3. Terminals: 1. - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1303 ex- 
cept for the following items: 


CHARACTERISTICS . 
Collector-to-Emitter Saturation Voltage (Is = —25 mA, 

een ree PMR OE eo etc <.ccvasssacaatQivbayascupossdsceaocsfecsvosie Vcr (sat) —0.2 max V 
Base-to-Emitter Voltage (Is = —0.5 mA, 

Bee OES AISI CVE... sho. csacecncin cst tecvias is ieee eeantbarcics VBE —0.15 to —0.35 V 
Collector-to-Emitter Reach-Through Voltage ou... Vrr —20 min V 
Static Forward-Current Transfer Ratio: 

OO yf G10 A on. iscsacscscosccesceccessoconcoucusoscece hrre 40 to 200 

Ree ei LO — 200 VA, inesccssssscccdececcddsséséjccssadsscose hre 15 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff ; 

mrequency  (Vcep = —5. Vi -Im = 1 mA) voccccccccccccevscecieee fiutb 5. min Mc/s 

COMPUTER TRANSISTOR 2N1306 


Ge n-p-n alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1306 is the n-p-n complement of the 


p-n-p type 2N1307. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, Be 
2 - base and case, 3 - collector. This type is identical with type 2N1302 ex- aS 


-cept for the following items: 


filet ete 


CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (Is = 0.17 mA, 

I aN ois ce Pod fos cecius Ses sWapo desire nseeatescsocsegon.5o ecoeeoc - Ver (sat) 0.2 max 
Base-to-Emitter Voltage (Ins = 0.5 mA, Ic = 10 mA): BE 0.15 to 0.35 
Collector-to-Emitter Reach-Through Voltage .............. ie VRE 15 min 
Static Forward-Current Transfer Ratio: ' ies , 

Pi meee et BO A ooo ioc cc coc nccscccccctcsccccccccelectoc ee ie 60 to 300 

ics VY, te 200 mA ii Ske eo tom fee aztt Fre 20 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff - ’ Ve 

Pemeeney 4 V Cieces GV, Ds al MA)) boots ven docs essissene fnev 10 min Me/s «35.3: 

COMPUTER TRANSISTOR  $‘QN1307_ 


Ge p-n-p alloy-junction type used in medium-speed switching applications. 
in data-processing equipment. The 2N1307 is the p-n-p complement of. the 


n-p-n type 2N1306. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 oh 


2 - base and case, 3 - collector. This type is identical with type 2N1303 ex- 
cept for the following items: 


CHARACTERISTICS | 
Collector-to-Emitter Saturation Voltage 
Paseo ed IA lo. — —10. mA) os cscecsetencibeetaerecias Vcr (sat) —0.2 max V 
Base-to-Emitter Voltage (Is = —0.5 mA, 
EG STR acer ace” Sebati ENE a oo Pt ep VBE —0.15 to —0.35 Vv 


Collector-to-Emitter Reach-Through Voltage ou... Vrr --15 min V 
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CHARACTERISTICS (cont’d) 


Static Forward-Current Transfer Ratio: 


Ney oie a AE. wh Komp 1 ea) heen Ne aa hre 60 to 300 
View. =—-0:350 Vc 200 FA. Paes Fn eesetecccchtaniteess hre 20 min 
Small- Signal Forward-Current Transfer-Ratio Cutoff 
Brequency tGV cea 2-52 V, cle = 1 emA) aoe eee eee fhitp 10 min Mc/s 
2N1308 COMPUTER TRANSISTOR 


Ge n-p-n alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1308 is the n-p-n complement of the 
p-n-p type 2N1309. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1302 ex- 
cept for the following items: 


CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (Ins = 0.13 mA, 

Cael OS rr At errr aks es ae ee es ee ee Vcr (sat) 0.2 max V 
Base-to-Emitter Voltage (Is = 0.5 mA, Ic = 10 mA) VBE 0.15 to 0.35 V 
Collector-to-Emitter Reach-Through Voltage atececctesatees Vrr 15 min Vv 
Static Forward-Current Transfer Ratio: 

BY fos oft’ Th \Yicke) Poraceeoaim CUR a eeU ss aee ne eM Pere iy tam eee yy Re Ly hre 80 min 

Vienie==3 0:35 Weel ois== 2004 A es Seiacnt ee Alec tte tee hre 20 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcsp = 5 V, Ip = —1 MA) .......ceeeeeeeeeeees fneb 15 Mc/s 

2N1309 COMPUTER TRANSISTOR 


Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1309 is the p-n-p complement of the 
n-p-n type 2N1308. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1303 except 
for the following items: 


CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

Clip tae ——O 1 SenrAcr Los == — LOOP A:) i acess csetce scssoeasreetces Vcx (sat) —0.2 max Vv 
Base-to-Emitter Voltage (Ins = —0.5 mA, 

Foe S10 mA) sie ee Be es Co acinar Ven —0.15 to —0.35 V 
Collector-to-Emitter Reach- Through Voltage ................ Vr —15 min V 
Static Forward-Current Transfer Ratio: 

Vicn sa OV Te 10 Rm A ee ei aent Sebo hre 80 min 

Vien —*—0.35 PVF Ie) =" — 200 mA aera en hrr 20 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Hrequency"( Vcr *—3— 5). V, sla) 1 mA) eee freb 15 min Mc/s 

2IN1358 | | POWER TRANSISTOR 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in: low-fre- 
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N174 except for the following items: 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to- Emitter Breakdown Voltage: 
Te gO SUAS STs 10d eater aes stv aeea dare conen ai ee teense VBR) CEO —40 min V 
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CHARACTERISTICS (cont’d) 


Collector-Cutoff Current: 


WASTE sas 1 279/37) CBeah( USM Uy olla 4 Sak Ja nM IcBo —200 max LA 

Ne Meee LEQ, Te FAO |... .cncccascsavnnccoocsocccouseece Icso —6 max mA 
Emitter-Cutoff Current (Ves = —30 V, Ic = 

Sie POM S05 EEC ics sas ceulevalasaciecstccdtecdhctssncectdkeccdoeverccvetse Izso —6 max mA 
Static Forward-Current Transfer Ratio: 

Nicene ee Ge—e— 5 Al lhe looks. eB mee.. hre 25 min 

Sie eRe GL ea AC ALI... ciclo Roceeoteadel dR. de edes hre 35. typ 

SSS py) ON ed ho ai en Dd gn hrer 40 to 80 

Small- Signal Forward-Current Transfer-Ratio Cutoff : 

Prequency (V¥cp = —12 V, Io = —1 MA) cecsscccccsccsccere fhe 100 min kc/s 

COMPUTER TRANSISTOR 2IN1384 


Ge p-n-p drift-field type used in switching applications in military and in- 
dustrial electronic computers such as memory-core driver, pulse- amplifier, 
inverter, flip-flop, and logic-gate circuits. JEDEC TO-11, Outline No.7. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage oo......ccccicceccccesssscsssscceceessscecesssccecees Vcso —30 V 
Collector-to-Emitter Voltage oo......cccccccsccssussscssscssscsrscssscees Vcro —30 V 
Emitter-to-Base Voltage* o.........cccccccccccscccssccsssssssscscsssscesscceceee VEBO —l1 V 
Ne ER PE ENG ooo ood coon cet avcisaevanecsissssccnddacescdoscecocheetesosecoscoess Ic —0.5 A 
Bamittert Current. t...............:- Rev pea senesvanesiowaeescsecuate atte eee Ir 0.5 A 
Transistor Dissipation: 

mee NR ES tec oso 5 ck Sacis senceasecsshssonitedsioniseetelsagsasedenscoonsos Pr 240 mW 

NN BE Dae coach hes acag ssehes sida cance apdsohhacn hci soseokcncns Pr See curve page 112 
Ambient-Temperature Range: 

Operating (Ta) and Storage (TsG) ciccccccccccssceccseseeeee —65 to 85 A @ 
Lead-Soldering Temperature (10 s Max) once TL 255 °C 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —50 wA, 

Pe ose oes oe, Ss sine duoneonetecrachososkersonrcocckovdcncielheces, Ver) cBo —30 min V 
Collector- to-Emitter Breakdown Voltage (Vcc = 30 V, 

Pepe one ais — 0, Rew — 10000). sclicccenccceccncne: VBR) CERL —30 min V 
Emitter- to-Base Breakdown Voltage (Irs = —100 pA, 

IDE Seb: Se ua Sec Ree ean ae eee a ee VBR) EBO —1 min V 
Collector-to-Emitter Reach-Through Voltage ................ Rr —30 min V 
Base-to-Emitter Voltage (Ic = —200 mA, 

BR eT BEYER IG osc asoe sh ccssucé che vccscrecrocscrecche ment eas VBE —0.9 max V 
Collector-Cutoff Current (Vcs = —3 V, Im = 0) ue IcBo —8 max LA 
Static Forward- current Transfer Ratio (Vcr = —0.5 V, j 

ORE ae ORIN IN 8 F555 5 205505. ade j'vben deen gaohloscvseaceSedwescntoiavoens hres 20 min 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI384 
Beery sit BLAS CIRCUIT, 


AMIENS Ait Selby 
(Ta)225°C 


c) 


-200 


COLLECTOR MILLIAMPERES (I 


-100 


-05 -| -15 -2 -25 -3 


COLLECTOR-TO-EMITTER VOLTS (VE) 
92CM-I0580T 
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CHARACTERISTICS (cont'd) 


Gain-Bandwidth Product (Vcr = —3 V, Ic = —10 mA) fr 20 min Mc/s 
Stored Base Charge (Ic = —10 mA, Ins = —1 mA) ..... Qs 800 max pC 
Thermal]Timeée; Constante oie oc eas 7 (thermal) 14 min ms 
Thermal Resistance, Junction-to-ambient ................cecccees Os-Aa 250 max °C/W 


* This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25°C. For ambient temperature above 25°C, dissipation must be reduced by 0.5 
milliwatts per °C. 


2N1395 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N274 except for the following items: 


CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
(Vem? 12V Ta SSP 5 mi A fo TP RC/S) ie ic ccecscsses hte 50 to 175 


TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2N1395 


COMMON — EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25°C 


20 


COLLECTOR MILLIAMPERES 


ERES =— 
BASE MICROAMP 


pala 
ore 
Sian 
= 
ala 
loos 


0 -2 -4 -6 -8 -10 -i2 -I14 -i6 -i8 -20 -22 -24 -26 
COLLECTOR-TO-EMITTER VOLTS 92CM-l0396T! 


2N1396 TRANSISTOR | 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
- 1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N384 except for the collector-characteristics curves, 
which are the same as for type 2N1395, and the following items: 


CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 


(Von = —12 V, Im = 1.5 MA, f = 1 Ke/S) oceccccscccsooccténse hte 50 to 175 


2N1397 TRANSISTOR 


Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus- 
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trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N1023 except for the collector-characteristics curves, 
which are the same as for type 2N1395, and the following items: 


CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
QViGhee=e—sle Varta 1.5. MA ST = 1 ke/s) Aes cee esseg occ. hte 50 to 175 
POWER TRANSISTOR IN1412 


Ge p-n-p alloy-junction type used in a wide variety of switching and ampli- 
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power- 
switching, voltage- and current-regulating, dc-to-de converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre- 
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N174 except for the collector-characteristics curves, 
which are the same as for type 2N1100, and the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (VBE = 1.5 V) .....ceeececeesessesseeee Vcso —100 V 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage: 

cme eh BANC ECE BO) acid aia snes see can sus taas scahastreceec cbt ss ces Pe aBCee Dr VBR) CES —80 min V 

DGG Seat pale Nay A Rat eee IN 0 rela, lat bo Ma sR RA V (BR) CEO —65 min V 
Base-to-Emitter Voltage (Vcr = —2 V, Ic = —5 A) .... VBE —0.8 max V 
Emitter-to-Base Voltage (Vcs = —100 V, In = 0) ......... VEB —1 max V 
Collector-to-Emitter Reach-Through Voltage ................ Vrr —100 min V 
Collector-Cutoff Current: 

Peper Pip OT OC inl cosmnedonnerdoseeceesaes IcBo —4 max mA 

POWER TRANSISTOR | 2N1479 


Si n-p-n diffused-junction type used in power switching circuits such as 
dc-to-de converters, inverters, choppers, solenoid and relay controls; in oscil- 
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 


MAXIMUM RATINGS 


COMeetor-1O-base. EVOLALC a3. i eid bce eov eestor hone olhcdoteee Vcso 60 V 
Collector-to-Emitter Voltage: 

ary Md NMI sso, Ease rosea socadcasccVotonsdecssesssveucutbcoateaeanne VcEv x 60 V 

Base open (sustaining voltage) on... eee eeeeeeeeeeeeeeeees Vcero (sus) 40 V 
PAMPER LO=BASEE V O]FA RC ioc ciis ride ccasothoessavorsssevsvecsacesetocdceootseeues VEBO ip: V 
IE ONE ee CO UETOTNE tess coe es ake cadence acess <40sacaactysnssdis ovesesvbegeedeetleste Ic 1.5 A 
ALUM Tae ETON ee esc 5 52 sbstec iret sinasasdeticecs aouadecsccedoceasessvasectorses tutes In —1.75 A 
BUSS SCTE SVON, sip ee I PE Iz 1 A 
Transistor Dissipation: 

DUNNER Shasta nas inch'vsendas ney sino acssaPasas ase n'eSacensconuapavenstonay Pr 5 WwW 

PIE TE SON CM recs oe ooo so eSeoee coke sie sseuckiccuecesceccseccbssuaseesiesscecees Pr See curve page 112 
Case-Temperature Range: ‘ 

Operating (Tc) and Storage (TSsTG)  ............scccccceeceseees —65 to 200 Cc 
Lead-Soldering Temperature (10 S MAX)  ......e eee oD, 255 °C 
CHARACTERISTICS (At case temperature — 25°C) 
Polevior: to-Emitter Sustaining Voltage (Ic = 50 mA, 

Ip MPV MNB ete eee ta shen core <a sevsnte aesc seth Gov edcasessndovbunsbenisieaecacoashestet oan Vcro (sus) 40 min V 


==00,25 A Re aa Ne WURDE cc ICS ca cestas caecesaeessesens VcEvV 60 min V 
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TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI479 
COMMON— EMITTER CIRCUIT, BASE INPUT 
CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


.e) 10 20 30 40 50 60 70 


COLLECTOR-TO-EMITTER VOLTS 


CHARACTERISTICS (cont'd) 


Base-to-Emitter Voltage (Vcr = 4 V, Ic = 200 mA) ..... VEE 
Collector-Cutoff Current: 

Ment 2S0 SV el ic Oe Le Fo Ce ee eocte ee aac Icso 

Vicei——"3071V, (n= 0) Tot 150° Cree ee ae ee Icso 
Emitter-Cutoff Current (VER ee he LC) =" 0) sn ateeerccece Izzo 
Collector-to-Emitter Saturation Resistance 

(16 = 8200 (mA 5 ie 20 Ti A Wie ot ree tins ant eects rcr (sat) 
Static Forward-Current Transfer Ratio (Vcr = 4 V, 

1 et as a etn ait lee ar othe ale Ay ean Sb a if hre 
Small-Signal Forward-Current Ea Ratio 

Ven = 4. Vi lo = 5 MAL tals ko/S) pee anaes. hte 
Small-Signal Forward- Current Trateter Ratio Cutoff 

Frequency—.UVes: =. 284 loi. 5 mA eo aie fnep 
Gain-Band width “Product iis cesses Le fr 
Output Capacitance (Vcs = 40 V, Ic = 0, f = 1 ke/s) Cobo 
thermal? Time Constant a. Siiaiankc cee 7 (thermal) 
Thermal Resistance, Junction-to-Case .o.cccccceccccscceseees Q@s-c 
Thermal Resistance, Junction-to-Ambient ..........ccccceee Os-A 


TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
(At case temperature — 25°C) 


DC) Supply, . Voltage «icc cassia. eae Masctstactns Vcc 
DC Base-Bias Voltage ......... 


Generator=: Resistance: |. Rue ae ee ieee Ra 
POnn tC }CollectoreCurrentmatasnicas.. chs eeniea ae. Ic 
OPUS Oe PBASCT CUFTOTE oie cncscscscdocsdensttkciecscc ee Ini 
call hieOlee #Base CUITeNt) oe ee Ize 


92CM-10453Ti 


3 max 
10 max 
500 max 
10 max 


7 max 


20 to 60 


50 


35 max 


7.8 ohms, 2 watts 


LA 
LA 


TYPE 2NI479 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
. COLLECTOR-TO- EMITTER VOLTS = 4 

rd 
ul 
a 
= 
< 
a 
— 
= 
WW 
w” 
< 
@a 

m 92CS-10427R2 

Vzss = 8.5 volts 
(e) 0.5 1 1.5 2 Vcc = 12 volts 
BASE - TO- EMITTER VOLTS Ri- = 50 ohms, 1 watt 
92CS-10438T2 Re = 30 ohms, 1 watt 
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TYPICAL OPERATION (cont’d) 


NN a od os ian wan aciresiivenseae ss ouagipfia eb hih sougen emp ba tuercnkeunch ds ta 0.2 LS 
RRS WARTBURG Eee oe Pe ro coins Sue wanes h ss ob von hachaadelckbe tock eccovonetosiveaccesten tr 1 us 
ee IE Eee a2 cnc sv cus nocen aces sdachdct ansenuoveaisaa slice ghedbeasivacwnsc ts 0.6 us 
Ma eOR el TA ete Ia 1, U6 28. eae Pe AN Sri does overeeche ceinacaudenucteseseccnsssees tr 1 us 
POWER TRANSISTOR 2N1480 


Si n-p-n diffused-junction type used in power switching circuits such as 
de-to-de converters, inverters, choppers, solenoid and relay controls; in oscil- 
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1479 except for the following 
items: 


MAXIMUM RATINGS 


TONECTOF=LO=BASE) VOILTAZE ...scccecsecesscescococctcsceccvcsscccooccescenveanecees VcsBo 100 V 
Collector-to-Emitter Voltage: 
Dies eet ee eS Nc Se SEE, ons. succavercodvevsesideusesevdduccdevevnesedss Vcrv 100 V 
Base open (sustaining voltage) ........ccccccscssccssssssssssseesees Vcro (sus) 55 V 


CHARACTERISTICS (At case temperature — 25°C) 
foe G -to-Emitter Sustaining Voltage (Ic = 50 mA, 


cei: SERPS CRASS ROE SOC CAE PEPE ne ESE o a ie ERE rN Vceo (sus) 55 min V 
Collector-to- Emitter Voltage (Vsze = —1.5 V, 
Pama ee LM RUTIN ET choos orcs vtbcvsesciancecesccessessacdedseseccceeelesacsvacscheasactonse VcEv 100 min V 
POWER TRANSISTOR 2N1481 


Si n-p-n diffused-junction type used in power switching circuits such as 
dce-to-de converters, inverters, choppers, solenoid and relay controls; in oscil- 
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1479 except for the following 
items: 


CHARACTERISTICS (At case temperature — 25°C) 
Static Forward-Current Transfer Ratio (Vcr = 4 V, 


PUN abe EMEP PEN EPNS) OF G5 cc ctuse sh cctueseccs «asec aseesdbesvasagacceeceesecosasersessstecsoce hre 35 to 100 
Collector-to-Emitter Saturation Resistance 
WL OmeeeME ERMA LT ——" EOS TIVA)!. casececececestessseedcsvesscccceccdsassaceee rcr (sat) 7 max Q 
POWER TRANSISTOR 2N1482 


Si n-p-n diffused-junction type used in power switching circuits such as 
dc-to-de converters, inverters, choppers, solenoid and relay controls; in oscil- 
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. This type is identical with type 2N1479 except for the following items: 


MAXIMUM RATINGS 


OMESCTOR=tO=SASC. ~VOlTA RC © bin ccccooevbicsncscvetecsssesscevsrsseseccsnonsosaneees Vcso 100 V 
Collector-to-Emitter Voltage: 
SARS Keser ern OW Wea yen cs ssa ks. Leb e ccd cscs cesacetescoscoicccettwasostsotivcrSeeeescs Vcrv 100 V 


Base open (sustaining voltage) ...........ccssssscssssssesserecseesee Vceo (sus) 55 V 
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CHARACTERISTICS (At case temperature — 25°C) 
raga eae tie ge Sustaining Voltage (Ic = 50 mA, 


SB) ox cvescesccuncsciecsoderesncoont oth ie cpeaea cOsnene eee lsee Diane Soleo dee aaa Vcero (sus) 55 min V 
Collector-to-Emitter Voltage (Var = —1.5 V, . 
Tel 4 O25 EYAL) oie cicscs oss ceiavtwaces att tnancotodecesedena toca acute VcEV 100 min V 
Static Forward-Current Transfer Ratio (Vczk = 4 V, 
To = ZOO Ay Peet eer ee Pee eee eens arenes hre 35 to 100 
Collector-to-Emitter Saturation Resistance 
(1, 8200 SEAS hes = 10 MA) vasccicsscsccssssesborteevercdetocett dete rcr (sat) 7 max Q 
2N1483 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-8, Outline No.5. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage o.........cccccccssssssssssccsssssssssesscssccssscesees Vcso 60 Vv 
Collector- to-Emitter Voltage: 

MGS Oy jeer TELS De te 7 ee ahi og he Noe re La AES Yen: gS C9 a3 Vcrv 60 V 

Base open (sustaining voltage) .o....cccccccccccscccsecccescceesceee Vcro (sus) 40 V 
Emitter=te=Base: Voltagesd cechiociccssscccescenscnsecnegsiedssiescsoneeccenoete VEBO 12 Vv 
COM Seto aS say CMG esa coed Gas onc vessv'cpareeichonsicelasacctavat enseatons Ic 3 A 
POINICCer  CCULTEN G cccrceecat tein Le ore sight tease ees oo In —3.5 A- 
DASG ACUTE ONE Ha. ea Kae Shs tenia eee In 1.5 A 
Transistor Dissipation: 

FE OpUD) LOR SIE bach. RMP eee dca cdisnonecensabetgnbundscdddectaccoundee Pr 25 WwW 

Oy ADOVE TZ NG secs. Bae as eats e Sete veces icksrnansdce he Ren Pr See curve page 112 
Temperature Range: 

Operating (Tc) and Storage (TsiG) ccccccccccccssssscssesseeee —65 to 200 EC 
Pin-Soldering Temperature (10 S Max) cccccsssccccscseeeee Tp 235 ss Be 
CHARACTERISTICS (At case temperature — 25°C) 

Collector- to-Emitter Sustaining Voltage (Ic = 100 mA, 

Iz O) og toevte apest th smeiok.. ih asusdstae ten, oe Vcro (sus) 40 min V 
Collector- to-Emitter Voltage (Vaz = —1.5 V, 

Joe 20.25: (A) Hee eR..ULS en Been ada Vcry 60 min V 
Base-to-Emitter Voltage (Vcm = 4 V, Ic = 750 mA) . VBE 3.5 max V 
Collector-Cutoff Current: 

Vice =3!308 Vp mc 10,5 Daten 25 Ciera el os a ae Icso 15 max LA 

Vices S0GVy Te 2 Op Tai 300° Cinco xcs de ot ncentlt Iczo 750 max bA 
Emitter-Cutoff Current (Vez = 12 V. Ic = Ovotet ra Inzo 15 max HA 
Collector-to-Emitter Saturation Resistance | 

(iGgore (oO INA Lp se LDA) ten eee ee eee rcx (sat) 2.67 max Q 
Static Forward- Current Transfer Ratio (Vcr = 4 V, 

Lo Pa UNS 0 eee ae OMRON DS eae a ARE SAL hrn 20 to 60 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI483 ; 
COMMON —-EMITTER CIRCUIT, BASE INPUT. 
CASE piace eel 225°C 


COLLECTOR AMPERES 


oO 
a 


40 
COLLECTOR-TO-EMITTER VOuTS 92CM-10445T2 
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CHARACTERISTICS (cont’d) 


Small-Signal Forward-Current Transfer-Ratio Cutoff 


ern We i. Vg TG = BMA) ccvisccccccescccosacessescness frep 1.25 Mc/s 
Output Capacitance (Vcs = 40 V, Im = 0) ue Cobo 175 pF 
ROTA PININS CONSTANT! banc. cersviccccecsocccucoceotcneseoscaccecseversecsencece 7 (thermal) 10 
Thermal Resistance, Junction-to-Case .oc..ccccccceesesescesseeeseees QOs-c 7 max °C/W 
Thermal Resistance, Junction-to-Ambient .0............cceccce Os-a 100 max °C/W 


TYPICAL OPERATION IN POWER- SWITCHING CIRCUIT 
(At case temperature — 25°C) 


DC Supply Voltage .............. Vcc 12 V 
DC Base-Bias Voltage —8.5 V 
BIOTA OMEEITOSISLATICO 0 iyc 02.05 ca teaccedeccodochsecssatvescessbodazeoondeveccaceoesd, Rea 50 Q 
BROT et RO OPIECTOL “CUTTENIL .....-s.ccccedssochercacoodrccrcoclecocesisesvestete Ic i50 mA 
Bab Ett =O ese ASO we GUITONt | Ak ki ikcsscacecdevsencacdsndodecjstocde husbocs Ipi 65 mA 
a UPte SOT APE ASCy CULT GING. coc secsSoik cone dccvdobaccec eked ve sou bakes Kushesonnes Ire: —35 mA 
Delay Time ta 0.2 us 
Rise Time .......... tr a US 
Storage Time ts 0.8 ys 
A RT BENIN Ea BRU Boel ss oss cw tiiv vegas ugtnidusn dsehus iWaruvivectiecnadvsa vstiinss ooge te 1.1 uS 


TYPE 2NI1483 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO- EMITTER VOLTS =4 


BASE MILLIAMPERES 


Ves = 8.5 volts 
Vcc = 12 volts 


Oo 0.5 I 5 2 2.5 3 Ri = 50 ohms, 1 watt 
BASE-TO-EMITTER VOLTS Re = 700 ohms, 1 watt 
92CS-10443T4 Rs = 59 ohms, 2 watts 


POWER TRANSISTOR 2N1484 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-8, Outline No.5. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N1483 except for the following items: 


MAXIMUM RATINGS 


WOME CLOLT=LO-B ASE -VOLLALE . Covc.cccecseedessoocnsossed0essososseosscoesoessseee VcBo 100 V 
Collector-to-Emitter Voltage: 
Gh Rs Ree SUN Bees cB cco ee ce hel st sert dis cepacssesseahatlatevesssciosedescceseasdecbes Vcry 100 V 
Base open (sustaining voltage) ..........cceecssscccceceeees Scr Vcro (sus) 55 V 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Sustaining Voltage : 
“UNE See OS PEW 30 fe SiR Rape a oe Vcro (sus) 55 min Vi 


Collector-to-Emitter Voltage (Vase = —1.5 V, : 
Mite tira Nes EMEA) Us: 055-552 00% dosedasaboowcosrsoessonactecséodeseaccsancoscecenesseloes VcEV 100 min V 
POWER TRANSISTOR 2N1485 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-8, Outline No.5. Terminals: 


176 : RCA Transistor Manual 


1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N1483 except for the following items: 


CHARACTERISTICS (At case temperature — 25°C) 


Base-to-Emitter Voltage (Vcr = 4 V, Ic = 750 mA) . VBE 2.5 max V 
Static Forward-Current Transfer Ratio (Vcr = 4 Vv; 
TSO BTA. eae. ea ere hie vec ssetan taste cae eee ee eee ee hre 35 to 100 
2IN1486 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-8, Outline No.5. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N1483 except for the following items: 


MAXIMUM RATINGS 


Collector=t0=BaSe? VOlMALES Miiiisc.cccccccccsocasssossectes;cccosasscesoncaceesoes VcsBo 100 V 
Collector-to-Emitter Voltage: 
VSB Be eat — 1 Oh Os Ve aaa s wean Sate cet soc dnc nsecesocscecn tool wereoremete cateete Vcryv 100 V 
BaseJopen) (sustaining (Voltage) .....cc..:ssescscssssccossecssocoveccese Vcero (sus) 55 V 


CHARACTERISTICS (At case temperature = 25°C) 
aces -to-Emitter Sustaining Voltage (Ic = 100 mA, 


(1) lara emer aires ea or abet Bin WR eae PRR ERR oti» Vcro (sus) 55 min V 
Collector-to-Emitter Voltage (Van = —1.5 V, 

5 Woy? fame TAY Seg PL OY arent cy expe eeeer Re ee Reha ae i: SNE Vcrv 100 min V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 750 mA) . VBE 2.5 max V 
Static | Forward-Current Transfer Ratio (Vcr = 4 whe 

Gian LOOM INVA: eee sic socar cata ans aseos tees cok caticccn ene oeeclatmeaet cone os hrr 35 to 100 
Collector-to-Emitter Saturation Resistance 

(hora 1O0r nA. spe 40s A:) metres eee rcr (sat) 1 max Q 

2N1487 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, voltage and current regulators, dec and servo amplifiers, relay- 
and solenoid-actuating circuits. Similar to JEDEC TO-3, Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col- 
lector and case. 


MAXIMUM RATINGS 


Collector=to=BaseMiViOlta ge cceciskc.cscscessscsessccceseetessieroreeen erect Vcgo 60 Vv 
Collector-to-Emitter Voltage: 

Ven -—Lb aV recdcaie Het nasiNscukte ial scasuescvesscudecceseutesteurepe nts Vcrv 60 V 

Base open (Sustaining Voltage) ..............cccscssccsssscsscssssceees Vcro (sus) 40 V 
Emitter-to-basem Voltages eee ieee eee VEBO 10 V 
COllecCtOrBCurren tree teccse ee echoes ocae vere e heer eee R te neeee Ic 6 A 
Emitter BCulrren tar eee eee coe ec eee ee In —8 A 
Base} CULren (cre orai cee eee oe Me are aecact etait astinne In 3 A 
Transistor Dissipation: 

ELMO DB Ure cate Cos Metres doesent otsceet co Oheeeaseccnete tien docemiccccuee tence eee Pr 75 WwW 

Tear ADOVES 25S TCU, oS Srtsocsenwansticrvene ratte ees re Pr See curve page 112 
Mounting-Flange Temperature Range: 

Operating (Tmr) and Storage (Ts1@)  oic.ccccccccccssssscsscees —65 to 200 at @: 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 
we as -to-Emitter Sustaining Voltage (Ic =, 100 mA, 


Fos 0) Ji Paster tga eased Goes Saacae acs dcesea seeces cbesccae oss ee nautica TER Vcro (sus) 40 min V 

Collector-to-Emitter Voltage (Van = —1.5 V, 

To) SSOP R IVAN IR, tes heccsk oes ccesceeasos Gave ee eee Vorv 60 min V 
Base- -to-Emitter Saturation Voltage (Vcn = 4 V, 

DGS A) fins ese es san eect na Briatore ate ae en ELE vd VBE 3.5 max Vv 
Collector- Cutoff Current: 

ViGp eeeSORV 23 ea 0 STi t9 25° Ci eee eee Icso 25 max pA 

Vos-=a.30 WV, Ins=.0,0Tai= | ORE it EE ier, cea eae IcBo 1000 max LA 


50 
Emitter-Cutoff Current (Vas = 10 V, Ic = 0) 1.0... Izso 25 max vA 


Technical Data for RCA Transistors 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI487 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING- FLANGE TEMPERATURE «25°C 


COLLECTOR AMPERES 


0 10 20 30 40 50 


COLLECTOR-TO-EMITTER VOLTS 


CHARACTERISTICS (cont'd) 


Collector-to-Emitter Saturation Resistance 
(lee Fi:5 eA? is’ = 300° mA) 


Pome eee eeeree scree sere e ees eses sees seoe sees 


Ht t 
_- al 


a ah 


seee 


Static Forward-Current Transfer Ratio (Vcze = 4 V, 


fo SA 


) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 


Frequency (Vcs = 12 V, Ic = 100 mA) 
Output Capacitance (Vcs = 40 V, Iz = 0) 


PACE Alia DINNER C ONSCAN C278 iis eiccecssubs tes ossesesoeesssnmantateccescotes- 
Thermal Resistance, Junction-to-Mounting Flange ..... 


Pree eereeerer rere rrer rier iret 


sere crerccoeseccsoce 


Ceeecccevescoecs 


oeee 


TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 


DC Collector Supply Voltage 
DC Base-Bias Voltage 


EMO ALOE we ECOSIS CATIC Cie. os diaccccoawadecoes aoa then n dies sae cas cuaWeasbeesinsvesnesones 
OME EHCOMECTOM CULlent 22ci. os cceseiacks Covessbdnosessecvsosseceesovesssseseases 
tat TI CMS ASE COUP ONIG. <.....cescessccocctvancesssvscessccorssocoeses cossseze 


Turn-Off DC Base Current 
Delay time 
Rise time 
Storage time ..... 

PVR CANN ere Meets ce cceves inves sasccdovovoeneeseindosnsetercowsceosedscocseears és 


Peano rere eesecereseccrcseessssees 


eosareoreee 


TYPE 2NI487 
COMMON-EMITTER 
250 CIRCUIT, BASE INPUT. 

COLLECTOR-TO-EMITTER 

hd VOLTS=4 

5200 

a 

= 

S CURVE 

3 150 

= 

% 100 

q 

oOo 


VBB 

(0) 0.5 \ 15 2 Vcc 
BASE-TO-EMITTER VOLTS Ri 
92CS-1045!T3 ae 

3 


POWER TRANSISTOR 


Si n-p-n diffused-junction type used in 
choppers, voltage and current regulators, 


Poe eee reer eer ee cesses ees ese ese sss eesseseeresees 


Prerererererrrrrrr rrr rrr 


Pree UrErerrrerrrr rir rrr 


A eee eee ecereccessssooseesesesssoorseres 


eorcccsecceee 


eeeeccece 


HT TT UE 


177 
60 70 80 
92CM-10477%2.- 

rcr (sat) 2 max Q 

hre 15 to 45 
fied 1 Mc/s 
Cobo 200 pF 
7 (thermal) 12 ms 
Oj-MF 2.33max °C/W 
Vcc 12 V 
—8.5 V 
Re 50 Q 
Ic 1.5 mA 
Ini 300 mA 
Ize —150 mA 
ta 0.2 US 
tr 1 LS 
ts 1 US 
tr 12 us 


8.5 volts 

12 volts 

50 ohms, 1 watt 
30 ohms, 1 watt 
7.8 ohms, 2 watts 


de-to-de converters, 
de and servo amplifiers, relay- 


92CS-10427R2 


2N1488 


inverters, 
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and solenoid-actuating circuits. Similar to JEDEC TO-3, Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col- 
lector and case. This type is identical with type 2N1487 except for the 
following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage ......scesssssscscccsssssssssecescessssssssnsseesooes Vcgo 100 V 
Collector- to-Emitter Voltage: 
IV Beh yr LR Vin beeteccashce soctthicetoceenessacateeks pontewaaet Rirseetoasscascetessemad VcrEV 100 V 
Base open (sustaining Voltage): .............csessccssesssrrececetncees Vcro (sus) 55 V 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 
raaeoer -to-Emitter Sustaining Voltage (Ic = 100 mA, 


) ie eee ne rer SR, nae Be te liane ta oe ky cer Ba bea ae a hae Vcro (sus) 55 min Vv 
Collector-to-Emitter Voltage (Van = —1.5 V, 
Tie * 0:5 er AL) SIRE Ss he sactres Bacec cass teeecues teens Rese ctereeres ocecuemeanece VcrEV 100 min Vi 
2N1489 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, voltage and current regulators, dc and servo amplifiers, relay- 
and solenoid-actuating circuits. Similar to JEDEC TO-3, Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col- 
lector and case. This type is identical with type 2N1487 except for the 
following items: 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 


Base-to-Emitter Voltage (Vcr = 4 V, Ic = 1.5 A) ......... VBE 2.5 max V 
Static Forward-Current Transfer Ratio (Vcr = 4 V, 
1 Oe em Ws eae: eo ee Se ie AP rl NO oy es me ie Rar AE ok RCE i hre 25 to 75 
Collector-to-Emitter Saturation Resistance 
(Te 81550 Ay Tee LOO Cr A RAEI nectar tee tote cteet taens rcr (sat) 0.67 max Q 
2N1490 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, 
choppers, voltage and current regulators, dc and servo amplifiers, relay- 
and solenoid-actuating circuits. Similar to JEDEC TO-3. Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col- 
lector and case. This type is identical with type 2N1487 except for the 
following items: 


MAXIMUM RATINGS 


CollectOr=t0=BaS6 28 SV OLA SO i ccceccsarscccesccevantsicessosssaseodsseasesacs suese Vczo 100 V 
Collector-to-Emitter Voltage: 
AAW Ot mt M Reta ieT\ht cede SP MSG Hen TROLL dS RUNS 0 Ben pcp RE SIRES i bend bh Vcry 100 V 
Base open (sustaining NO LLAZC)) eset setrncs sescetvehaceecreetemrass Vcro (sus) 55 V 


CHARACTERISTICS (At mounting-flange temperature = 25°C) 


Collector-to-Emitter Sustaining Voltage 


MiG OOS Aiea ret Oi ee eee ry tee secrete tens eats Vceo (sus) 55 min V 
Collector-to-Emitter Voltage 

(Veg sa 57, let =" 0,500 J. ee aint. inereres Vcry 100 min Vv 
Base-to-Emitter Voltage (Vcn = 4 V, Ic = 1.5 A) ...  VaE 2.5 max Vv 
Static Forward-Current Transfer Ratio (Veni = 45; 

Te SP LES A) SON a ee crctcceace eeperect tutte ieec ce ceses Shakes access ae hre 25 to 75 
Collector-to-Emitter Saturation Resistance 


(i@g= Loe wl as LOO TIVA trecrcoe tte. ee eee rcr (sat) 0.67 max Q 


2N1491 TRANSISTOR 


Si n-p-n triple-diffused type used in vhf applications for rf-amplifier, video- 
amplifier, oscillator, and mixer circuits in industrial and military equipment. 


Technical Data for RCA Transistors 


JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 
and case. 


MAXIMUM RATINGS 


ROOMS CUOE=COHESASE VOLTA SE ioe... ccnsescceseccsvascasesscosesecescoccseesscess Vcso 
Collector-to-Emitter Voltage (Vpn = —0.5 V) qu... eee Vcrv 
AOIMITLCE=CO= DASE WVOIALC. oo... ..cccsescckecscccsctscccatcoveccccovecdseseccescseense VEBO 
WORD PRECISE MORI CIIG © orate: scrkccscscscscsevessccocosesgscccccnceateateaccecstocecssoczeceeee Ic 
METER OE CSET OING Ss cctsccsecsecccceccccssssncccdecesnocesessccesdcoscccesoseoudgesessostes In 
Transistor Dissipation: 

PR NUTT LCC ct gare coo ec sce acossscsctonsdetescettencecteonceaccesecceceteecsseueoe Pr 

LEG. RICO, CASO escent see eel ae Bi oR eR Cent rhe Pare ea Pr 
Temperature Range: 

Operating (Tc) and Storage (Ts G)  ......ccccsccccssseccesseeee 
Lead-Soldering Temperature (10 S MaX)  .......eeeeseeeeees As 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

UND) SOS SS er eS AE oe iy VR) CBO 
Emitter-to-Base Floating Potential (Vcs = 30 V, 

lap SS DY cetacean oa gee Beck Ves (fl) 
Collector-Cutoff Current (Vcs = 12 V, Im = 0) ............ IcBo 
Emitter-Cutoff Current (Vrs = 1 V, Ic = OY" Nias Izzo 
Small-Signal Forward- Current Transfer Ratio 

(Von 720 “*V,. To = 15 mA, *£ = 1 ke/S) sescscscsisiccciscesasses hte 
Gain-Bandwidth Product (Vos = — a0 Me Io 15 UR fr 
Output Capacitance (Vcs = 30 V, =="; 

Lie NE EP IVEC/'S)) or ons oes ss cnceseede toesce cuwtce ohn scusuduwssececbsvecwtbacenelived hese Cobo 
Small- Signal Power Gain (Vcc = 15 V, In = —15 mA, 

et ORI 60 0 10 IC/S) © coos cccecicececcconncdosecesescncshoooastes 
Thermal Resistance, JUNCTION-TO-CASE oo....eceeeccsesseeessseeees Qs-c 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI491 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25°C 


COLLECTOR MILLIAMPERES 


COLLECTOR-TO-EMIT TER VOLTS 
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- base, 3 - collector 


30 nV. 

30 V 

a V 

0.25 A 

—0.25 A 

3 WwW 

See curve page 112 

—65 to 175 °¢ 

255 4 

30 min V 

0.5 max V 

10 max BA 

100 max pA 
15 to 200 

300 Mc/s 

5 max pF 

13 min dB 

50 °C/W 


92CM-10507TI 


TYPICAL TRANSFER CHARACTERISTIC 


i TYPICAL TRANSFER CHARACTERISTIC 
TYPE 2NI491 


TYPE 2NI491 


COMMON- EMITTER CIRCUIT, 
me) BASE INPUT. 


(Voge) #30 
COLLECTOR-TO-EMITTER 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
60] COLLECTOR-TO-EMITTER VOLTS 


Oo 
H 
a 
oy) AMBIENT TEMPERATURE (Ta)=25°C 
VOLTS = 30 A 
@ 40+ AMBIENT TEMPERATURE a 
Zz = 40 
4 = 
3 
Ss 30 = 
5 a 
a Biel 
cm Oo 
4 rf} 
Rig g Sepa 
Oo 4 
fe) 0.2 0.4 0.6 0.8 
10) 02 04 O6 O8 1.0 1.2 BASE-TO-EMITTER VOLTS (Vee) 
BASE MILLIAMPERES  92cs-iosieT! 92CS-l|O508TI 
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2N1492 TRANSISTOR 


Si n-p-n triple-diffused type used in vhf applications for rf-amplifier, video- 
amplifier, oscillator, and mixer circuits in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1491 except for the following 
items: 


MAXIMUM RATINGS 


Collector=t0-Base  VOlMAage icin kale ceciedeccesnteons cosccatnncmvonmansivanst Vcso 60 V 
Collector-to-Emitter Voltage (Var = —0.5 V) . Vcrv 60 Vv 
Emitter-to-Base Voltage ....ccic.c.ccscccvessescctsscsssssesoesesoes VEBO 2 Vv 
CHARACTERISTICS 

Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

Deak Ub gee ere ees a er eT cee Aa hs ae VBR) CBO 60 min V 
Emitter-to-Base Floating Potential (Vcs = 60 V, 

Mean Oy at See eva saseas sda ovens cettetotos sos nck cavansisess AD sedez canoe evo Vus (fl) 0.5 max V 
Emitter-Cutoff Current (Ves = 2 V, Ic = 0) .......... eee Inso 100 max pA 
Small-Signal Power Gain (Vcc = 30 V, Iz = —15 mA, 

Poot== OOsmW 5 £105 M/S) Oxmeiiie. cess icsksisssccenscnones teres oot Gpe 13 min dB 


2N1493 TRANSISTOR 


Si n-p-n triple-diffused type used in vhf applications for rf-amplifier, video- 
amplifier, oscillator, and mixer circuits in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1491 except for the following 
items: 


- MAXIMUM RATINGS 


Collector-to-Base Voltage ..0.......scssccscnsstscasesesesesossgesnneceeeteonse Vcso 100 V 
Collector-to-Emitter Voltage (VBE = —0.5 V) wo. VcEy 100 Wi 
Emitter=to-Base® Voltage © ...kiccsscecbecscsesc-bescondioete socehctestecacsetbens VEBO 4.5 V 
CHARACTERISTICS 

Collector- to-Base Breakdown Voltage (Ic = 0.1 mA. 

y Fokemea § 2 iris ardor ee ree me apie ne hE ERE RE PIR Fire Ber oe erierey VBR) CBO 100 min V 
Emitter-to-Base Floating Potential (Vcs. = 100 V, 

Tap. =O sends: snaremecescartcugerres th Pha mraperetaaasavigetesnatencaddanroeaibaphidevcies Ves (fl) 0.5 max V 
Emitter-Cutoff Current CVEBS=44.0" Vor LOO) mrerecereeees Irso 100 max pA 
Small-Signal Power Gain (Vcc = 50 V, Im = —25 mA, 

Poe, 8500 rm Wit OMIMEG 8) rirerrctereteccocccccr cece scents ctetcesteones Gpe 10 min dB 


9N1524 TRANSISTOR 


Ge p-n-p drift-field type used in 455-kilocycle if-amplifier service in battery- 
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-1, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector=t0-BaSelV OMA REL. ascsecscatecstssssnovcuesvesecosoucasstelevsuani tece Vcso —24 V 
Emitter=to=Base@ -V OLA SER. cc. c.cssecttescactecctotagoccassccanene nudscneeeeee VEBO —0.5 V 
Collectors, Guyer ent cee hee ieee to hcccncah ait van acted ccsranscoetere Ic —10 mA 
FOL ECOL BC UPTON Us Gecre. eee traces chen sectacrotecuess suas octeesctoves eaceateeckete In 10 mA 
Transistor Dissipation: 

ANG Sait 7's ial SR Awe dee os, Be Re Sc ey Palani See ias < SRR ae A heme Aor Pr 80 mw 

ET ata SF essen Ne Shae Sans er ES CUDA Caste U Ne eee ws leside nos Sapo dune cEaescvecnsoene Pr 50 mW 

Aaa GE RGCH Oy oe os iescacecdseastenkcescgcnetdock taceretecccemeeet ee nee Pr 35 mW 
Temperature Range: 

Operating o CA mDieTrsy ois eekssysatecestt oececesbaconcescdsettiseesechion Ta (opr) (fi ry S: 

SlOra gee wee rare ee aE 2S Gen Oe TstoG —65 to 85 we 


Lead-Soldering Temperature (10 S MAX)  .....ccccccrceesseee Tr 255 Ke 


—— 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Vax = 0.5 V, 

ER arlene abt assrexap nave etovainny siiamosenptes sgacensoncten san cocuses Vercsv , —24min Vv 
Collector-Cutoff Current (Vcs = —12 V, In = 0) ........ IczBo —16 max LA 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) ........ Irso —16 max BLA 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcs = —12 V, Ic = —1 MA) ....... ee fhev 33 max Mc/s 
Small-Signal Forward-Current Transfer Ratio 

(Vcp = —6 V, In = —1 mA, f = 1 KC/S) oan... eeee hte 27 to 100 
Output Capacitance (Vcs = —12 V, In = 0, 

EN) Ney aol os casi paces eeu suasesacahec sconces coesusasncn ites iougenboascowcceas Cobo 3.6 max pF 
Thermal Resistance, Junction-to-Ambient ..............cceeseee Os-Aa 0.4 °C/mW 


A TYPICAL TRANSFER CHARACTERISTIC 


TYPE 2NI524 

COLLECTOR-TO-EMITTER 
VOLTS=-6 

AMBIENT TEMPERATURE=25°C 


COLLECTOR MILLIAMPERES 


0 SO 100 150 200 250 


BASE-TO-EMITTER MILLIVOLTS 
92CS-l10679T 


TYPICAL OPERATION IN SINGLE-STAGE 455-kc/s AMPLIFIER CIRCUIT 


DC Collector Supply Voltage on... eesseeeees Vcc —6 —12 V 
DC Collector-to-Emitter Voltage oe eee VcE —5.7 —11 V 
Ui Micre eye (Guha 2) 9 aa in ee A ok Ic —1 —l mA 
MEN OTE MPEG E SEAIICO core. c santos odie ieonscvctinucososousacccevacsccedeerocsecs Rie 1300 1550 Q 
VAT AUER ESIS CATIC Gol .02-2 ohccc ce cacsana0sscsesooavesnesscoseessecevcocerers Roe 0.31 0.525 MQ 
Collector-to-Base Capacitance ............ccccescssseeeeeees Cobo ray 2 pF 
WAX TMU OWET GAIN oo... cccndcccccscsssscseavbosvacvereseseenenese MAG 51 54.4 dB 


Useful rst Gain (Single-tuned unilateralized 
circuit) : 
Tee TPOUCT a LI ZOE  \CIV CUI to 5..ccccinscccecce vasetecinveiesassoeeess MUG 33 33 dB 
In unneutralized Circuit ............cccccccccseeseeesseseseees MUG 29.7 30.2 dB 


TRANSISTOR 2N1525 


Ge p-n-p drift-field type used in 455-kilocycle if-amplifier service in battery- 
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-40, Outline No.13. 
Terminals: 1 - emitter, 2 - base, 3 - collector. This type is electrically iden- 
tical with type 2N1524. 


TRANSISTOR 2N1526 


Ge p-n-p drift-field type used in mixer and oscillator applications in battery- 
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-1, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. This type is identical with 
type 2N1524 except for the following items: 


CHARACTERISTICS 


Small-Signal Forward-Current Transfer Ratio 
ives — 6 V, Im = —I mA, f£ =) 1 Ke/S8) ‘vecreccccecccsccsce hte 27 to 170 


—12 
—11 


—0.65 


2150 
0.48 


100 


48.9 
35.8 
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TYPICAL OPERATION IN SELF-EXCITED 1.5 Mc/s CONVERTER CIRCUIT 
DC Collector Supply Voltage ~........c..ccscceccccs-oseet- Vcc —6 
DC Collector-to-Emitter Voltage ........ Vcr —5 
DC Collector [Currents rss eee ee nee Ic —0.65 
INPUT RESISTANCE, sconce ccecccacncconccccssesstodeceesecccccecconcteccor cece Rie 1850 
Outputy Resistancet hry n eek s ee teeeee eeteeee Roe 0.19 
RMS Base-to-Emitter Oscillator-Injection 

VOLTAGE ee rrect errr aaee eo tae tettaecsoteeee nee ee 100 
Conversion Power Gain: 

MaximuniirAVallabl Giese ac rrcrcee cose eens MAGo 44.2 

USO Le eee ee ee cue easeteed cn convenes sone resasseseeaettets MUGc 34.2 

IN1527 TRANSISTOR 


RCA Transistor Manual 


Ge p-n-p drift-field type used in mixer and oscillator applications in battery- 
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-40, Outline No.138. 
Terminals: 1 - emitter, 2 - base, 3 - collector. This type is electrically iden- 


tical with type 2N1526. 


2N1605 
2N1605A 


COMPUTER TRANSISTORS 


Ge n-p-n alloy-junction types used in medium-speed switching applications 
in data-processing equipment. The n-p-n construction permits complemen- 
tary operation with a matching p-n-p type such as the 2N404. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base and case, 3 - collector. 


MAXIMUM RATINGS 


2N1605 2N1605A 


Collector-to-Base Voltage ou....eecceceessseessesssseese VcBo 25 40 
Collector-to-Emitter Voltage (Vzpr = —1 V) Vcrv 24 40 
Emitter=to=Base: sVOlta ge. nicticcscesecesscocsseuteovestentcccteeccene VEBO 12 12 
Collector: Currentar co ic hee ens Io 100 100 
Werner Cur Clit eyes riage toe ee eee In —100 —100 
Transistor Dissipation: 

TPMGLUD PLO BORO rae Stet fo eet oe etree ce ee eee Pr 150 200 

Am ADOVC 20 Co ceceoss tc cenevaxenra aaates Sates cinwodiucoveciotssntincenes Pr See curve page 112 
Temperature Range: 

Operating sea IUNCION )oovccccscaseoss CusranseM -asecoassocsesccser Ts (opr) 100 100 
Stora seer ee. evs es cck ie ee eae ec TstTG —65 to 100 
Lead-Soldering Temperature (10 s max) .......... Tr, 235 235 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: ; 
Tog 0:02 sav eal 2 0 peas ooo oe icee eaoaco eee V(BR)CBO 25 — min 
Tov 10.01 on Aten Pe Oe nine VBR) CBo — 40 min 
Emitter-to-Base Breakdown Voltage ; 
(Ins 0.029 Al Loic n.0Oi cathe an. cetin oton..: VBR) EBO 12 12 min 
Collector-to-Emitter Saturation Voltage: 
eee LAr AR eT a 904 arr Ale oe eet Sane Vox (sat) 0.15 0.15 max 
NL Oh COP IEA UB ee LAID AL 7, te tee ema ace Vcr (sat) 0.2 0.2 max 
Base-to-Emitter Voltage: 
Tce el anv ASI a yan 0 Asm Ale eee oer eres VBE 0.35 0.35 max 
Tor==t247 Mm ALE in te Slory VAr tee eee ee ae hee VBE 0.4 0.4 max 
Emitter Floating Potential (11-MQ voltmeter 
between emitter and base): 
SVs re GAGE Pate oie ssn ciatua ssvonssansinassulond-teandeuten Ves (fl) 1 — max 
ViGrin=s wAQin Visi ie teeta ds eek dinced oan. beara froaleee Ves (fl) — 1 max 
Collector-Cutoff Current: 

CBP SOLA AV ne" 05 Dae 25°C are keen eee Iczo 5 — max 
VicBe Sel2 VGei mas OPe 1 aS BOSC... en levlds deed Icso 125 125 max 
VCR —eeU SV, Mage Oy TK as 250 daccectu oascaceens Iczo — 10 max 

Emitter-Cutoff Current (Ven = 2.5 V, Ic = 0) InBo 2.5 2.5 max 
Sianls EOL at arent Transfer Ratio: 

cE = 0. ,» Ic = 12 mA hre 30 0 min 
Ven = 0.2 V, Ic = 24 mA hre 24 a min 
Vce = 0.25 V, Ic = 20 mA hrr 40 40 min 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (Vcs = 6 V, Im = 1 mA) fntp 4 4 min 


Mc/s 
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CHARACTERISTICS (cont'd) 
Total Stored Charge SA 5.25 V, 


pe PRE ERs Ds ha DG TIDAL) Vo. ccecccecgtecrovescvonveeqsnseeees Qs 
Output Capacitance (Vcs = 6 V, In = 1 mA, 
Hire RM EVN MEST MEP E 5. cane akecarSetelan sce actieccdecasensdcbbacseccesnbtess Cobo 


TRANSISTOR 


1400 
20 


2N1613 


2N1605 2N1605A 
1400 max 


20 max 
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pc 
pF 


Si n-p-n planar type used in small-signal and medium-power applications 
in industrial and military equipment. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 


2N2102 except for the following items: 


MAXIMUM RATINGS 


SOMECLOP=tOH EASE OV OFAC 5.02.55: AE Di sosicacicdecsecesnsccedccedocoeagecs 
Collector-to-Emitter Voltage (Ramp = 10 QQ) oe 
Transistor Dissipation: 


CHARACTERISTICS 
gi dap -to-Base Breakdown Voltage (Ic = 0.1 mA, 


Collector-to-Emitter Sustaining Voltage (Ic = 100 mA, 
Rse = 10 Q, tp = 300 ws, df = 1.8%) 
Collector-to-Emitter Saturation Voltage (Ic = 150 mA, 
ipa 15) mA. tps: 300 ws, df =-1:8% 
Base- -to-Emitter Saturation Voltage fie = 150 mA, 
In = 15 mA, tp = 300 ws, df = 1.8%) 
Collector-Cutoff ‘Current: 
ieee OO eo big 90, TA 25 | ccsietscschlvvseceesdacssvaceece 
Wiepee—mGO Vacbapo— OR == 1 5OCC iii esses cicvcchodeevssbens 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ou... eee 
Static Forward-Current Transfer Ratio: 
ict LOY 4c) Ol mAS Ts == 25°CE.. 2: Scccssecososteccctcecs 
Vcze = = 10 MoaiGse tO mA, TTA. — 25°C, to. = 300. 4s, 
df= -1: 8% RE ete ratte ones aan acta ALUE. Ses chases ivesi ioetnesiGoienesne 
Wd 10.5 Ic = 10 mA, Ta = —55°C, tp = 300 us, 
of oa be 8% » SEES CRRA Gt AN OR TES i iS Sea RGR Sr cen 
Small- Signal Forward-Current Transfer Ratio: 
Verse Ge PNA fo KOS... ac ccccceveceassbestvedeceveee 
VCE PLO 4V,: ko, — DOAMAS ET = ZOMMC/S>® .....0.0c..cbseccsncetoe 
Output Capacitance Se wets Ads AM Bim Re eee pener nate oe 
Boise Figure (Vcp = 10 V, Ic = 0. 3 mA, f = 1 kc/s, 
510 Q, circuit bandwidth — 1 c/s) Bethea end tos moat 
rhernadt Resistance, Junction-to-Case  o....ceccesesseceeseees 
Thermal Resistance, Junction-to-Ambient  .............ccccee 


Ose ececesecocesccesoneeesees 
Oecenosvccccvesovceceseocccs 


Povecceecscosesecoseveresees 


TRANSISTOR 


VBR)CBO 
Vcerr (sus) 
Vcr (sat) 
Vex (sat) 


Icso 
IcsBo 
Izso 


hre 


75 
50 


0.8 
3 
265 


75 min 
50 min 
1.5 max 
1.3 max 
0.01 max 
10 max 
0.01 max 
20 min 
40 to 120 
20 min 
30 to 100 
3 min 

25 max 
12 max 


58.3 max 
219 max 


2N1631 


ages << 


De> ddd d 


RES 


pF 


dB 
°C/W 
°C/W 


Ge p-n-p drift-field type used in rf-amplifier applications in battery-operated 


AM radio receivers. JEDEC TO-40, Outline No. i. Terminals: 


2 - base, 3 - collector. 


MAXIMUM RATINGS 


CollectOr=tO-Base Voltage  ocictiiscccccscsccvcsssvoscevesenssoccessecsscesccscses 
MEI GCOTaLO=—ESASO) i VONAGE. sic yJ ih ccsiscasssceediesevccocsecaesccscsseseocsveseroee 
MeN CENCE UIE OVA G7) occ cece cos res.cce Yorn <acssocveesssssvsegeescssceosspessccsescsosossse’ 
MMNB EGE UIE TOI 25 os. n osc nesesesnensnsscrontonsecnsancencnesenasacesacovonseunacebecteses 


Tac 


OMEN SPS os panos on cpus te dibessnnedugdosaauessnendacuccsinsseuectacdsssssnese 
Temperature Range: 

PPR att ANTI OL ETAE) iis 5: 5.28 o on ccoscaccscavceoscernvoonscdcsesttoasaccecdans 

SREP Ne aM ae eee og ooe oc acsiidySidesiboccheaboencsesseseodsiceciscecctetosccswsone 


SO Pee eee ee ere e ees eee esee EET eE ESE eEEEOTEHE EOE ESESEESESOSSEEEOO ESE OSESSEOSOe 


Ta (opr) 
TstTG 
Th 


1 - emitter, 
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CHARACTERISTICS 
Soe ROAR Breakdown Voltage (Ic = —50 wA, 
rs iin dace cacsesvietcesccstcencacsccocssectesbraveshowabacaccssssne seéccescecescoscesceaieee 
Collector-Cutoff Current (Vcs = —12 V, In = 0) ......... Icso 
Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) ........ Irso 
Small-Signal Forward-Current Transfer Ratio 
(Vcr = —6 V, Ic = —1 MA, f = 1. KC/S) ose... ceeees hte 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Vcs = —12 V, Im = 1 MA) owe eeeeeee fatp 
Thermal Resistance, Junction-to-Ambient ...............0...... Os-A 
TYPICAL OPERATION IN RF-AMPLIFIER CIRCUIT 
DGC Collector™ Supply “Voltage ik... tine Vcc 
DC Collector-to-Emitter Voltage  .................00. Vcr 
MH eebha rere Gl Gaih pws elt Aine a eee ele oi ne eae ae ee 
Signal=Frequenc y meiccc.ccctesses een cmon ee 
InputeResistance tsi. 2st eer Ae ee eee 
Output, Resistance i iiceee carcasses eeckenesaestresnscn tke soscens 
Outputhy Capacitance. eicrc..c teeters irre iccceieee 
Extrinsic Transconductance ...........cccccceeessceseccccseeees 
Maximum Power Gain .......ccccccccccccccsssssssscccesovssessseees 


Useful Power Gain (Unneutralized circuit) 


"3 TYPICAL TRANSFER CHARACTERISTIC 


TYPE 2NI63I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Ta) = 25°C 


EMITTER MILLIAMPERES=|I 
FREQUENCY (Mc/s )=1.5 


TYPE 2NI63) 

COLLECTOR-TO-EMITTER 
VOLTS=-9 

AMBIENT TEMPERATURE=25°C 


COLLECTOR MILLIAMPERES 


ES eAiriecis 


VBR) CBO 


—34 min 
—16 max 
—16 max 


40 to 170 


0.4 max 


@AC OUTPUT CIRCUIT SHORTED. 
4AC INPUT CIRCUIT SHORTED. 


INPUT RESISTANCE ® (Rjqy)— OHMS 


Oo 50 100 150 200 250 


BASE-TO-EMITTER MILLIVOLTS 
92CS-10678T = 


2N1632 


=4) §-6)" =8 40 meae 
COLLECTOR-TO-EMITTER 


TRANSISTOR 


VOLTS 


92CS-lOS6ITI 


Ge p-n-p drift-field type used in rf-amplifier applications in battery-operated 
AM radio receivers. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 
2 - base, 3 - collector. This type is electrically identical with type 2N1631. 


2N1637 | 


TRANSISTOR 


Ge p-n-p drift-field type used in rf-amplifier applications in AM automobile 
radio receivers. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 


3 - collector. 
MAXIMUM RATINGS 


Collector=to=Base Voltage ink.......:ciscssccsssccvsescossestctessessssssesesss VcsBo 
Emitter=to-Base .. Voltage saitidssccsccectssssesssssoscastecssdessusssvecdéonsete VEBO 
Collector Current reece. esece ccs costtssssesvsdecticscésccésdasidesatsacesaeenecesteanet Ic 
Emitters Current iircrereccccrcccccct chet ae ouenhc scree eeee seen eect In 
Transistor Dissipation: 

Th == 825°C Pr 

3 Pr 

1 Pr 
Temperature Range: 

Operating , GAMDICMt ricoh sce. cosecdess sataet netvczosestessscesconeueees Ta (opr) 

SCOT ALS Bee yincescencecctcscens seers ehasens vncosteseeeecoeee tag aae Tea east chs tonnes Tste@ 


Lead-Soldering Temperature (10 S MAX)  .....cccesseees TL 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = —50 wA, 

osc c gu nsansccscecenconsusgoosons; saacavecasaneasransnasssaces V (BR) CBO —34 min WV. 
Collector- Cutoff Current (Vcs = —12 V, In = 0) ........ Icso —12 max LA 
Emitter-Cutoff Current (Ves = —1.5 V, Ic = 0) ........ Izzo —15 max LA 
pall Signal Forward-Current Transfer Ratio 

Pe aey. tc — —1 mA; 'f — 1 Ke/s)’ ’..cccdesciecie. hte 40 to 170 

Small- Signal Forward- Current Transfer-Ratio Cutoff 

Frequency (Vcsp = —12 V, In = 1 mA) CiesegeOnGasseeenatss fred 45 Mc/s 
Gutput Capacitance (Vcr = —12 V, Ic = —1 mA, 

eMC GS.) ese tavece an: sevens sv c-ccccasscedsbaccesssenqinsconesens ssednonoucons renews Cobo 2 p 
Thermal Resistance, Junction-to-Ambient 1... Qs-A 0.4 max °C/W 


TYPICAL TRANSFER CHARACTERISTIC 


TYPE 2NI637 
COLLECTOR-TO-EMITTER | 

VOLTS=-—12 * 
AMBIENT. TEMPERATURE=25°C 


COLLECTOR MILLIAMPERES 


O 50 100 150 200 250 


BASE-TO-EMITTER MILLIVOLTS 
92CS-|0556T! 


TYPICAL OPERATION IN RF-AMPLIFIER CIRCUIT 


DC Collector-to-Emitter Voltage 0... Vcr —5.5 —11.2 V 
PEATE Pe TCO ULE Uo oad cecch acc cac<beccasscdecesessesoscevdesccssscenssenssooss Ir 1 iL mA 
Signal Frequency ........cccccccceesesccssesseeeeesensenssteeseeneenees f 1.5 1.5 Mc/s 
Input Resistance ............cccccssssseeeesessecteseesensesseseeenaees Rie 520 1000 

Output Resistance  ..........ccccesscsssesseeeseeseserseeneeeneseses Roe 0.065 0.18 MQ 
Maximum Power Gain ...........cccccccccccsssssrsresessesssscocesees MAG 40.4 47.7 dB 
(Useful Power Gain (Unneutralized circuit) .... MUG 25.3 25.6 dB 


TRANSISTOR 2N1638 


Ge p-n-p drift-field type used in if-amplifier applications in AM automobile 
radio receivers. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 


3 - collector. This type is identical with type 2N1637 except for the follow- 
ing items: 


MAXIMUM RATINGS 


-Emitter-to-Base Voltage «0... ae ier AER Nh tegen VEBo —0.5 Vv 
CHARACTERISTICS 
_Collector-Cutoff Current (Vcp = —12 V, Ic = 0) .......... Icgo —12 max pA 
_Emitter-Cutoff Current (Ves = —0.5 V, Ic = 0) IeBo —12 max pA 
Small-Signal Forward-Current Transfer Ratio 

meet VV, lo — —1l mA, £. = 1 Ke/S). -.........-0-sseeee hte 70 to 275 
Small-Signal Forward- Current Transfer-Ratio Cutoff 

Prequency (Ven = —12°V,°Im = 1 MA) tees... ce cene fhep 40 Mc/s 
TYPICAL OPERATION IN SINGLE-STAGE IF-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage ou... eens Vcr —5 —11 
Emitter Current oo... eeecsessssssseseesssesessssseneneseeseeeseeenes Iz 1.6 2 mA 
MEM RCTICY. ..0.cresincooncsncthaetoosvsasnabssaveneisnionspsdaconren i. 262.6 262.5 ke/s 
Input Resistance ........sccccscseeceseesrseesensesesseaesenssesseeses Rie 1800 1400 Q 
Ie PE PSISCATICE a5 scone csssdnes Noenasossoncossennapnrseceesnansese Roe 0.47 0.72 MQ 
BPE ASATTITITIN OW ET, Gall) ......:.00.-teessorarsesneecnsnseccarcsacsecosooe MAG 58.6 61.5 dB 


Useful Power Gain (Unneutralized circuit) ........ MUG 35 36.6 dB 


— 
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2N1639 TRANSISTOR 


Ge p-n-p drift-field type used in converter, mixer, and oscillator applications 
in AM automobile radio receivers. JEDEC TO-1, Outline No.1. Terminals: 
1 - emitter, 2 - base, 3 - collector. This type is identical with type 2N1637 
except for the following items: : 


TYPICAL OPERATION IN SELF-EXCITED 1.5-Mc/s CONVERTER CIRCUIT 


DC Collector-to-Emitter Voltage ..........cceecceeees Vcr —5 —11 V 
DE CollectorsGuLren tise ag cick teeter eee Ic 0.65 0.65 mA 
INDUtseEVeSISTAM COM bie tie tirctenn es chun vais uer vahaoetaoass Rie 1850 2200 Q 
Outputs tresistanceg ven strc nen eee etter eters Roe 0.1 0.2 MQ 
RMS Base-to-Emitter Oscillator-Injection 

Vio 18a eaters tere Gait ac take CAA a Ac eee ates ERED 100 100 mV 
Conversion Power Gain (useful) .............cceeeeeeeeees MUGce 35.4 37 dB 

2IN1683 COMPUTER TRANSISTOR 


Ge p-n-p diffused-junction type used in computer applications in data- 
processing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. This type is identical with type 2N1300 except for 
the following items: 


MAXIMUM RATINGS 


Emitter-to-Base’ Voltage vsscsicstede nn rlsiimcleticettedtastin Vexso* —4 Vv 
CHARACTERISTICS 
Emitter- to-Base Breakdown Voltage (Ins = —0.1 mA, 

Ic OEY eres sic Pe cose sce om vee etek ce oe Meroe mece e ceedels eee a ae ene eee V (BR) EBO —4 min _ V 
Base-to-Emitter Voltage (Ic = —40 mA, In = —1 mA) VBE —0.6 max V 
Static Forward-Current Transfer Ratio: Eat? aii 

ViGEN == c=-00 8 Vea bona) —— 1 OF Mm An 5 bos decree tere tee nee hrre . 50min 75typ 

VOR OLD Vee 40 MA eee te eee ee. hre 50min 85 typ 
Gain-Bandwidth Product (Vcr = —3 V, Ic = —10 mA) fr 50 min Me/s. 
Total Stored Charge: netstat erie, 

Le = -—10sm As. thee —0:.4- MA teak ec eee Qs 160max .- pC. 

Toi 7=40 mA Tg 16s MAS sn atoreren tien eda Qs 410max pC 


* This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25°C. For ambient temperatures above 25°C, reduce the dissipation by. 0.5. 
milliwatts per °C. ee 


2N1700 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in power-switching circuits such as. 
de-to-de converters, inverters, choppers, solenoid and relay controls; in_ 
oscillators, regulators, and pulse-amplifier circuits; and as class A and 
class B push-pull audio and servo amplifiers in industrial’ and. ‘military 
equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2: - base, 
3 - collector and case. For typical operation in a power- “switching « cireuit, ; 
refer to type 2N1479. 


MAXIMUM RATINGS 


Collector=to-Base (Voltage ooc.ciccscascctthscsdsoseconssecosonecccncacecscascuate Vcso 60 Vv 
Collector-to-Emitter Voltage: Sise 
TASS oh eth tl eae Ik Rol a a a it el ele i ea A en gee ARE Ae, VcEV . 60 VO 
Base open (sustaining voltage) oicccccciescccsscsssccsssceeeseseeee Vcxro (sus) 40 V 
Emitter-to-Basey Voltage 5 5.0056 scds cotati cccets okeesebacace oieden eae VEBO 16. Sieg ta 
WSallector~ Cuvrents We. ta ee e Ne e Ic 1 - 


Basein Currentiaincts accessed ees eRe eae: Is 0.75 
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MAXIMUM RATINGS (cont’d) 


Transistor Dissipation: 
Menup to" 25°C 
Tc above 25°C 

Temperature Range: 
Operating (Junction) 
mR NN NN RMON ors oo, Las cccy oc otnesesscteh-vaccehésousccesendchtlasssebesssesictesdottce 

Lead-Soldering Temperature (10 s max) 


CORO eee ene meee seer eeeeeese eee SES EeEOE Ee OH EEE SEE EOEEOE OEE SE EEE EEE ESEES 


POR e eee eee eee eee e seer see EEE EE EEEeEe SESE EEE ESOS EEOEEOEEEESC SEES OSES 
FORO eee emer eee eee ee eee eee HHT HEee eee eee ees esse eesessess 


Pees eeeerececcsesssccecs 


CHARACTERISTICS (At case temperature — 
Collector-to-Emitter Sustaining Voltage (Ic = 50 mA, 


ee RTE EO. 655 s0d.. woh suede sssvaciccecdoeschectSuncvelavesssnsvcsdtegectecondes 
Collector-to- Emitter Voltage (Vase = —1.5 V, 
NE NAMI oo ae 0000.2. cenccsavetaesssenpsasscednnareecuncaovsvos deccodewiacoes 


Base-to-Emitter Voltage (Vczr = 4 V, Ic = 100 mA) . 
Collector-Cutoff Current: 

Bie me NO OO oo ociccccgecercacetsecscees. cesecoctie 

Ves = 30 V, Nije—205 LO, == 1508 C Fcc nee 
Emitter-Cutoft Current (Ves = 6-V,. lo —.0) 
Collector-to-Emitter Saturation Resistance 

Oe errr Ns 8 10 INA ) io 6 bades cdseccsvepsvancsonccsececesectoaes 
Static Forward-Current Transfer Ratio 

OW ee ees We On — 100 IVA) &. <.5..cavsaccczcconccsnseosnlecesscacnabediac 
Small-Signal Forward- Current Transfer Ratio 

(Ven =4' V; Ic = 5 mA; f= 1 ke/s) 


Oe eeeescensecens 


Core reercescrcesoesccssscces 


Pr 
Pr 


Ts (opr) 


TstT«G 
Lis 


Vcero (sus) 


VcrEv 
VBE 


IcBo 
IcBo 
IzeBo 
Ice (sat) 
hre 


Nte 


TYPICAL COLLECTOR CHARACTERISTICS 


m4 


9° 
@ 


° 
ny 


SS a eS 
eee tnalisai aca e 
TS a LD PP PRE ag 

re) 10 20 30 40 50 


i 
TYPE 2NI700 
COMMON-EMITTER CIRCUIT, BASE INPUT 
CASE TEMPERATURE = 25°C 


Pca ep be 
«| oIT2 ee i i  Pa w 


Wn 

WwW 

ost SF a Od ls 
2 0.67— 

q 

= FEEL Pe me 
Eee 

Ee 

oS = 

aaa Aa = MILLIAMPERES=10 

(eo) 

1S) 


a 
Se se 
NAS Sel 


COLLECTOR-TO-EMITTER Derap 


TYPICAL OC FORWARD -CURRENT 
TRANSFER -RATIO CHARACTERISTICS 


TYPE 2NIT0O 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
,~ | COLLECTOR-TO-EMITTER VOLTS (Vog)=4 
zu 
we TEMPERATURE (To)-°C 
5O 
nk 
ar 
$0 
aw 
og 
we 
oe 
[o) a 


04 O6 O8 | 
COLLECTOR AMPERES (Ic) 
92CS-11573T 


187 
5 WwW 
See curve page 112 
—65 to 200 he 
—65 to 200 °C 
255 Gs 
40 min V 
60 min V 
2 max V 
75 max uA 
1000 max BA 
25 max LA 
10 max Q 

20 to 80 

40 


Shes 


; 
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CHARACTERISTICS (cont'd) 


Small-Signal Forward-Current Transfer-Ratio Cutoff 


Frequency (Ven =:28 V, 110%. 5. MA) iii... seccenccengsves fnep 1.2 Mc/s 
Output Capacitance (Vcs = 40 V, Ic = 0, f = 1 Ke/s) Cobo 150 pF 
Thermal. Time” Constant: ¢:scuscorsacseer incase tascccctacsesivsctvaccestevete 7 (thermal) 10 ms 
Thermal Resistance, Junction-to0-Case 0... eeeeeeceeeeeeees Qs-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient ..............csseeeeee Ou-Aa 200 max °C/W 

2IN1701 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in power-switching applications such as 
de-to-de converter, inverter, chopper, solenoid and relay control circuits; in 
oscillator, regulator, and pulse-amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-8, Outline No.5. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 


MAXIMUM RATINGS 


Collector=to=Base ~V Olta ge ib etki. sesorensnasvaassdseseosccevsoneaceossce Vcso 60 V 
Collector-to-Emitter Voltage: 

Vip ES V8 iecielhis dac Pinel eo VcEV 60 V 

Base open (sustaining Voltage) .............ccsscscccssssreeceeetreree Vcero (sus) 40 V 
Emitter=to-Base “Voltages oor. n coi. .20is sivctewcessaccccsessdessaceteasonsss VEBO 6 Vv 
Collectors Current fsck. csccompnosnasteae diese ea ae Avoca ervasteatssahete< aes Ic 2.5 A 
Base: Curren ty twcook ose satetenstachecsanncousdonswtes iadsarnscceevuneh suavisenyeet Te In 1 A 
Transistor Dissipation: 

DGD LOR 20 gen Rien his konto. nas, cieateas tansantestkonecsssenctsesteetess Pr 25 WwW 

TG AD OV Ch Oe Cee Re rrre cere iacnce Cnceedcaicceessesper aun iesbens tecacademesers Pr See curve page 112 
Temperature Range: 

Operating (CT UNCON reece cc iicae erode ccscsstedeocestososescteware Ts (opr) —65 to 200 "G 

SCOT ie erica oer roe Sass Pe tec cvoncen lestodteuesenetorsusstaoni vs wereacesetewess Tstc¢ —65 to 200 °G 
Pin-Soldering Temperature (10 S MAX) wccccccccccsesrseeeees Te 235 °C 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage (Ic-= 100 mA, } 

I Bs encore UD he ke oeeetoey meme nPerertin Pee Tee rt eee eee rere erie Ace Vcro (sus) 40 min Vv 
Collector-to-Emitter Voltage (Vaz = —1.5, 

Fa OT As) Boos eecaca tec Sreceueccvcavpasicaccee van ued cosaantpealeteecteseeate ches Vocrv 60 min V 
Collector-to-Emitter Saturation Voltage: 

(Tet. 235 AT a A ee Bae ic cace cst sea tomcnnasb cece cate ssnseartees Vcr (sat) 12.5 max Vv 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 300 mA) ..... VBE 3 max V 
Collector-Cutoff Current: 

1 Cor ie i lt eagle aed opm Ah © ea ted ee IcBo 100 max LA 

VicBi 4007 Le Og  LGr at LOOP Cie cccecarccmcecstoctconccct Icso 1500 max uA 
Emitter-Cutoff Current (Ves = —6 V, Ic = 0) Izzo 50 max LA 
Collector-to-Emitter Saturation Resistance 

(Ter = 300 mi A jee 30 eA, ite iiersbrceceeopsarneescaestere ere enenice rcr (sat) 5 max Q 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI7OI 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE=25°C 


COLLECTOR AMPERES 


ie) 10 20 30 40 50 60 70 
COLLECTOR-TO- EMITTER VOLTS 92CM-11562TI 
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CHARACTERISTICS (cont'd) 


Small-Signal Forward-Current Transfer-Ratio Cutoff 


Bregquencyiwy VCs see Vici =05) MA) Main. fitb 1 max Mc/s 
Static Forward-Current Transfer Ratio: 

eRe eE a Ae — ESN) © SIVA 2 oc ccc chsaccbnavccich cascisshacecoospcocecscbocss hrp 20 to 80 

NEES INI AVS Ml 24015 Ue le a hrr 5 min 
Output Capacitance (Vcsp = 40 V, In = 0, f = 1 kKc/s) Cobo 175 max pF 
Thermal Kesistance, Junction-to- Case ~sncxiehina dct ees Qs-c 7 max °C/W 
Thermal Resistance, Junction-to-Ambient .................000000 Os-A 100 max °C/W 
TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
MRR PRT MTNI SENSE 0, ycghuccchscncsccrvepcsucrocbecccsocheococeshcnctocigcouesetehpes Vcc 12 V 
DC Base-Bias Voltage  ......csseeeeee wie —8.5 V 
Generator Resistance ............. noe Re 50 Q 
“On” DC Collector Current .... wa Ic 750 mA 
Mee MAY TON Pee | CUT ONG ooo... cocccs ch ccssactbosonscececcagessdeeendbeuats Ini 65 mA 
RATE OT SES ASE PCULTONIE | 5b ccccccsesiceccshessocsedsonsessoubszequstcoeescied Ise —35 mA 
EE RIE I ire. 5 Seve. acosescueseosecench isnnnnrscacnssdnccassrerwvwsersveves ta 0.2 US 
MeN ELC re, Po Lio, cyatcety occcbcecvcock tecsoecescccroce sonttosgvavborsvesaveusenes tr 1 LS 
| SUC ESYECS™ TIT (TRS a I ts 0.8 LS 
a EN Re Icey oder secc doe. Sococtesesss neues agesneo?@uvepnpasencnscatacsoeshence tr ile LS 


TYPICAL DC FORWARD - CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPE 2NI701 
COMMON - EMITTER CIRCUIT, BASE INPUT. 


COLLECTOR-TO-EMITTER VOLTS (Vcf)=4 


DC FORWARD - CURRENT 
TRANSFER RATIO (hee) 


z 92CS-10427R2 


Ves = 8.5 volts 

Vcc = 12 volts 

Ri = 50 ohms, 1 watt 

Re = 220 ohms, 1 watt 

COLLECTOR AMPERES (Ic) Rs = 15.9 ohms, 2 watts 
92CS-IIS7T4T 


TRANSISTOR ~ 9N1702 


‘Si n-p-n diffused-junction type used in power-switching applications such 
as dc-to-de converter, inverter, chopper, and relay control circuits; in 
voltage and current regulator circuits; and in de and servo amplifier cir- 
cuits. Similar to JEDEC TO-3, Outline No.2 (Variant 1). Terminals: 
1 (B) - base, 2 (E) - emitter, Mounting Flange - case and collector. 


MAXIMUM RATINGS 


MPOMECTOL=LOHISASE ) VOITABE ..........ccccsccssescoscsccseonsoucsnotcedsdevscdetbdes Vcso 60 V 
| Collector-to-Emitter Voltage: 

SUS RNY eS oc oss cesar he scoot sacdle sess vacdoossdaseacdousde tectdocenss Vocry 60 V 

Base open (Sustaining Voltage) oo... cecssssscscccssessseseceseee Vceo (sus) 40 V 
MII CPSP a CO=ISASC HT VOLTAGE”. .c......s00sessarnconsesccaseccasscoceccceceoceceseverie VEBO 6 V 
SN ECL EMR MUL CLNG arenas dese Ls cadodaerustscsssevvctyaetloes ves siessessyhds ceossedgeaseos Ic D A 
NS MMOL ITN Aa cele ee S os co Soa bc snc deta dercescoiedsiviesedt Root In P55, A 
Transistor Dissipation: 

EN SN oho Sg cgh e655 Sonus cdautciewnesvnarnasadedueswdaoosvacdgyuesssactoscecs Pr 75 WwW 

SAMMCRE CSRS Mey Me pete ee, a Wine DF ce be i ec aaotemdecatacdeseone Pr See curve page 112 
Temperature Range: 

RSet LASS Me A SITACUVOIN) © 3. Syed isc Diets cczehes ck lovotnnelasceve ies seuseeosser’ Ts (opr) —65 to 200 ae 

SUD EU EEE, Dp 8 he peor eee i ase eS ._ ‘Tste —65 to 200 “Cc 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage (Ic = 100 mA, 

IE ee Os ee eer te ee ee ee er eee Vcro (sus) 40 min V 
tegen to-Emitter Voltage (Vamp = —1.5 V, 

AMIE Oc gece aArat oe as btak ss vousystuce ca heat avecendsb cdc cemecsiniotiusees Vcrv 60 min V 

Rise. to-Emiiter Voltage (Vcz = 4 V, Ic = 800 mA) . VEE 4 max Vv 


Ba 
| 
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TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI702 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 


nes 500 


w 
WW 
[ta 
WW 
a 
= 
. @ 
ae Se ee en neared 
hf | BES Ga 
8 
a 
a 
fo} 
o 
so] 
aa es SS ee TTS 
S20 
O 10 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTS 92CM-11564TI 


CHARACTERISTICS (cont'd) 


Collector-Cutoff Current: 

View e 308 Vee wise + OFEL ga OS AC wane ctccceimeescectcecdecc ae Icso 200 LA 

Vics 305V;, In =, 0c =2 150°C Aa end. eee Icso 2000 pA 
Emitter-Cutoff Current (Vex = 6°V,sIc = 0) 22enkes IrBo 100 LA 
Collector-to-Emitter Saturation Resistance 

(lo? = 800 4m A; Ip = 802m A) sate eA ees rcr (sat) 4max Q 
Static Forward- Current Transfer Ratio (Vcr = 4 V, 

Leo SOO STV As) Me recs rtent tose street sues anesnes te las Meuse tues ates hre 15 to 60 
Small-Signal Forward-Current Transfer-Ratio Cutoff ; 

Frequency ((Vcp =.28) V, Ilo = 5 MA) sn. acess fhep 1 Mc/s 
Output Capacitance (Vcs = 40 V, Im = 0) . ie Cobo 200 max pF 
Thermal Resistance, Junction-to-Case on... iccceeeeessccceceeeee QOs-c 2.33 max °C/W 


TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 


DC Supply-<V 0Hage Wis. Se cea ees aes ateistheets 

C Base-Bias Voltage .. " 
Generator Resistance 
Ont DCsCollector Current orcas ec so ccbsvln ese 
7 LuIM=One. Baser. Currents ce es 
~ Lurn-Of sBasesCurrent® Gokaieick sche ee ee 
DDS TA VRPT or, AWG oe adi os besiicntsncnsiepatniesshscuissocussveoecensectortotone 
5 AEs en gr eee, SO en oe a BERT eR a ee CS ST nn 
Storage Time 25, 223. te ete ee ee ee, 
Pall “sPinen Gen. Sek 2 ees. f es. es 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPE 2NI702 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (Vc_)=4 


DC FORWARD-CURRENT 
TRANSFER RATIO (hee) 


a 92CS-10427R2 


Vas = 8.5 volts 
Veco — 12 volts 
Ri = 50 ohms, 1 watt 


3 Re = 30 ohms, 1 watt 
COLLECTOR AMPERES (Ic) Rs = 7.8 ohms, 2 watts 
2N1708 COMPUTER TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used in high-speed switching 
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applications in military and industrial equipment where high reliability and 
high packaging densities are essential JEDEC TO-46, Outline No.16. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is elec- 
trically identical with type 2N2205. 


TRANSISTOR 2N1711 


Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and medium-power applications in military and industrial equipment. It 
features exceptionally low noise characteristics. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


PEOIIECLOL=TO=E ASE © VOLTAGE © oo0....c.ccccccceccccececcsosssovescscoocevosceccscnee VcsBo 75 V 
Collector-to-Emitter Voltage (Rsze = 10 Q) ....w. VcER 50 V 
BTILLCE=1O—B ASC. VOITABE  .....0:..<s0scececcasssvsoccdosseccedsvcavecesevesieacossoaee Vigo qi V 
Collector Current .............. Rees tncae dust san aoubepeseniatinscedioeessxestrucoteretes Ic 1 A 
Transistor Dissipation : 
TS GTBT Gp 110). = ZA Ta Os eer iia i le A AR a Pr 0.8 WwW 

MME ED AT rastsscssxssccaasessarssssabves ousevonyeiesanvensdicensiveobacensessess Pr ‘3 WwW 
TARE O Lar AnC EI OW Cie 20) Covers sscnces sds vesssh ass onibesessossuciastiivavascsosoussdueyies Pr See curve page 112 
Temperature Range: 
EMME TIRE TP UTICCION ) 2.0550 .4. Jacées.oacesensssovseesuicavvcvivouesebecesncoes Ts (opr) —65 to 200 dC: 
ON lianas tensa ssnotnacensnrwesnsesvasehonabonsacnesnensanssonentionsesnoeverevbouesene TstTG _  —65 to 200 °C 
Lead-Soldering Temperature (10 S MAX)  ........eeeceeeseeees TL 300 AG 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 
MIE — EMME cher eee cad tacsci seeceasscsacctacseancckessunss ossavcacacusbievesevedooectesesess VBR) CBO 75 min V 
Emitter-to-Base Breakdown Voltage (Im = 0.1 mA, 
Ic NOMI Eee oS, aes sanostins Soedeeeaboosd a Pacssweaseeseosverniua ee heces nestle V(BR)EBO 7 min V 
Collector-to- Emitter Reach- zpnous Voltage 

Smt eV 5 LC 0,1 MA): sicciecccciscccccscsetecsoonsoopeses Vrr 75 min Vv 
Collector-to-Emitter Sustaining Voltage 

(Rez = 10 Q, Ic = 100 mA, tp = 300 ws, df = 18%) Vcerr (sus) 50 min V 
Collector-to-Emitter Saturation Voltage 
nee tome MP RINIA TS 1S TA) srasecssssvsenssnosendosncovcacscsecnesveess Vcx (sat) 1.5 max V 
Base-to-Emitter ‘Voltage Saturation Voltage 

Gee POR AG le OL PITA)  laceslecscsovsdovsgscacovsocsedescccceccsese Vzx (sat) 1.3 max V 
Collector-Cutoft Current: 
eRe me On 0h 2D Co. , cdanconennsenanvsneosenccoecese IcBo 0.01 max uA 
ere On on hr — O05 L508 C core cc ciccecccaucesenccealbccoose Icso 10 max bA 
Emitter-Cutoft Corrents! GVaeny—) 5. Vi LOu 0.0) ievacscassesecess NG op:%0) 0.005 max pA 
Pulsed Static Forward-Current Transfer Ratio: 2 
Vcr = 10 V, Ic = 10 mA, tp = 300 us, df = 1.8%) .... hre(pulsed) 75min 
ie Vcr = 10 Vv, Ic = 500 mA, tp = 300 us, df = 1.8%) .. hrr (pulsed) 40 min 
Static Forward-Current Transfer Ratio: ; 
Peen — a Ouventie— 0.01 mA, To) 25°C 8 vc iiide ese hre 20 min 
Seven — 10 V, lo — 10 MA, To = —55°C noi... sseodiecooens hre 35 min 
Small-Signal Forward- Current Transfer Ratio: 
tC 5 MA, fo. 1 RO Se ceincsnsecsccinnssnwcoctens hte 70 to 300 

Wen = 10.:V; Ic =: 50 mA, PO ICIS. Snwtecssceaterners hte 3.5 min 

TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2Ni7II 
FREE-AIR TEMPERATURE = (TEa)= 25° c 


TYPE 2NI7II 


COMMON-—EMITTER CIRCUIT, BASE INPUT. 
OF AMBIENT TEMPERATURE=25°C 


COLLECTOR MILLIAMPERES 
on 
COLLECTOR MILLIAMPERES (Tc) 


ie) ‘i 20. 3 0. 40 10 50 60. 70 0.5 O7 09 I 13 15 


COLLECTOR- “70- EMITTER VOLTS BASE-TO-EMITTER VOLTS (Vge) 
92CS-11630T 92CS-I185T! 
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CHARACTERISTICS (cont’d) 


Input |Capacitance (Ves =< 0.50.V 7 1c e=—- 0) tamer Cibo 80 max pF 
Output ?Capacitances (Vess=) 1LOAV,, Te ==70)) ire ceteeee sees Cobo 25 max pF 
Noise Figure (Vcze = 10 V, Ic = 0.3 mA, Re = 50Q, 

fi—P ly Ke/S;. circuit, DANG Wid thes. LC7S)eeoeacesceee eres NF 8 max dB 
Input Resistance (Vcs = 10 V, Ic = 5 mA, f 1 kc/s) hip 4to8 Q 


Voltage-Feedback Ratio (Vcs = 10 V, Ic = 5 mA, 


PFU CHS le erccdecoarscotenstecesscevesale corer eC oe earee ty ce Meer er eae ETS hrp 5 x 10-4 max 
Output Conductance (Vcs = 10 V, Ic = 5 mA, 

fi 15 ASS Rs UR toe apes Earn RC ah Sabra ria Tae RENE oat hop 0.1 tol pumho 
Thermal Resistance, Junction-to-Case .........cccccsesccceeeees Os-c 58.3 max °C/W 
Thermal Resistance, Junction-to-Ambient ................006 Oj-A 219 max °C/W 


2N1853 COMPUTER TRANSISTOR 


Ge p-n-p diffused-junction type used in switching applications in military 
and commercial data-processing equipment. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector=tO=Base {VOlta sein Wici. oc sesosecssonoonrovotersesassvonssdenesonegee Vcgo —18 Vv 
Collector=to=Emittera VOltageia ce ccre tierce ee VcEo —6 Vv 
Hmitter=toO=6asemav Olta ge Fei eee cce cose ccceaeee sees esserestenteeeeee VEBO —2 V 
CollectOrM Gurren Uae. We. srsticscr ete eee eee reece once ee nce Ic —100 A 
Transistor Dissipation: { 

FARUD 4; tOR2D | CAR renee or eae oar he ie oe eI ee On aia Pr 150 mW 

DA wADOV EH 25: Gi Nee ce ee a eee Pr See curve page 112 
Emitter-to-Base Dissipation (Under breakdown con- 

ditionsmwitherev erseo Dias) mete eeecenccesrreeees sores oneness Pr 25 mW 
Ambient-Temperature Range: 

Operating (Ta) and Storage (TsiG@)  .o...ccccccccccccscsereecees —65 to 85 we 
Lead-Soldering Temperature (10 Ss Max) oiescccecceeeeee TL 235 °c 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Tos==7-=0. 0251 AS TO) Ne ee reise conte sccese stot Meee VBR) CBO —18 min V 
Collector-to-Emitter Breakdown Voltage 

(Very 6058 V 52 lor 01025 tri A ia er oe ieeces ees VR) CEV —18 min V 
Emitter-to-Base Breakdown Voltage (In = —0.1 mA, 

D6 ieee U0 ben ata Narn Pee ts fst re toe di rien ame aa inn ee ee VBR) EBO —2 min V 
Collector-to-Emitter Saturation Voltage 

(Les G eA Ie 70 2 am: A) ee ee ee ee Vcx (sat) —0.2 max V 
Base-to-Emitter Voltage (Ic = —6 mA, In = —0.2 mA) VBE —0.4 max V 
Collector-Cutoff Current: 

Vien. = 15) 8Vi, Ins 20a 25 Ce ae eee ee Iczo —4.2 max pA 

Vicar —LSeVerl ne Oe At ==" 60° Crier re eens Icso —35 max LA 
Emitter-Cutoff Current (Ves = —2 V, Ic = 0) uu... Izso —100 max uA 
Static Forward-Current Transfer Ratio: 

Vente La VV eine —0.2 im Amst ee ee hrs 30 to 400 

Vents '0:40Ve lo = )—6 MAR ote leicce oe hre 30 min 
Turn-Gn Time® (Vcc = —15 V, Re = 100 Q) wo. ta + tr 0.8 max 1s) 
Storage Time® (Vcc = —15 V, Re = 100 OQ). .on.ccccesccsccsess s 0.8 max us 
Turn-Off Time® (Vcc = —15 V, Re = 100 QQ) wae ts + tr 0.9 max US 


* This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter-to-base dissipation is limited to 25 milli- 
watts at 25°C. For ambient temperatures above 25°C, reduce the dissipation. 

j For higher dissipation values in switching applications under transient operating 
conditions, the maximum dissipation can be computed by utilization of the method 
described in RCA Application Note “Transistor Dissipation Ratings for Pulse and 
Switching Service’ (AN-181). 

"This characteristic applies only to type 2N1853. 


2N1854 


Ge p-n-p diffused-junction type used in switching applications in military 
and commercial data-processing equipment. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector. This type is identical with 
type 2N1853 except for the following items: 


COMPUTER TRANSISTOR 


Technical Data for RCA Transistors 


CHARACTERISTICS 


Collector-to-Emitter Breakdown Voltage 

(VBE = 0.2 V, Ic = —0.025 mA) 
Collector-to-Emitter Saturation Voltage: 

Ic = —20 mA, Is = —0.66 mA 

mee SOMTIMA ETB, == —2.7 NVA © oo... ecceacecsncshncteadesesostaccesosesbe 
or a ‘to-Emitter, Voltage (Ic = —20 mA, 

ee OR CNMTTIIN. Daa aes oe vcvien cd Nach so.00a0e5 cdvancdeddevscwseesesasdecheosdeccetne 
Collector-to-Emitter Latching Voltage 

iV.co—-—18) V,. Ren = 91 KO; Ru =-178 0) 
Collector-Cutoff Current: 

cer een y Lm Os Ea COSC | cies. Lscseaseceodscckednedstesene 
Static Forward-Current Transfer Ratio: 

ic ie ee Ca — 50) TAD ©... .cckccciesooscwesvevcovroocnccesecedeothes 

ae eget eV ese Cs = OOS IITA, Se ies des aces cbececcesondcccccevedeseee 
OS emsvettate hee Product (Vcz = —1 V, Ic = —10 mA, 

fol) 
Gutput Capacitance (Vcs = —10 V, Iz = 0, 

Po IMD OS) See ees. ae ne an aRrEEn ny 
Charge Storage Time (Ic = —80 mA, Ini = —4.5 mA, 

Vcc = —15 V, Ru = 189 Q) : 


POO eee n ene eer eeeeeeasoeeeeeeseees 


SOR e eee enter ere eeneeeseaseeaeeeeeseees 


Stee eeeceeeceseerce 


PORE eee eee e eee eens reese ee ease eee eee EE Sete Heese EEE tH DEE ESET HEHE EEE EE EEE EEEE HOES OEE EES 


CORO Oe H eee tee e eee erases seer re eeeeesEeaeseeee® 


TRANSISTOR 


identical with type 


MAXIMUM RATINGS 


Collector-to-Emitter. Voltage: 
Ree = 100 
Base open 

Collector Current 

Transistor Dissipation: 
LAS Ups. tos 25°C 
Tc up to 25°C 
Ta or Tc above 25°C 

Temperature Range: 


eee m eee eee ee sere ee reece rere eee sess masses eee eee sess sseseHeHesss sees ss sseeseees® 


POO e eee ee eee ee nes ee eee e es SOHO EEE HHS OEE SEE EH OOO HEED HEE S ESOS EES EOE SEE EOED 


See ere eres ee reer esse ee een ees EHO HEE OEHE OOOO TO EHOS SDSS EH ED SHOE SESE SESS 


ee eeseeecorsces 


Sete cercccceee 


Rae eat REP LITT CELON Vids ccetedececs scent cncus sates en coete ance ten eoctuee 
PN MONICA MOU Ee. oP cats SecA tcestivscntecadacnat hear oth .cuecdovuedsenostecesevons 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 
Tor 305mA, Is =30F'tp.— 300 us, .df =) 189-3. 


Ic = 100 mA, Rex = 10'Q, tp = 300 ws, df = 1.8%’ .... 
Collector-to-Emitter Saturation Voltage: 

Ic = 150 mA, In = 15 mA 

ice so0em A. Ip — 5. mA 


Cee meee meee e eee eee eeee sere ee essere see sees eee® 


OOOO eo ee eee eee e ee eee eee ee eres ee sE sees sess sess ese® 


VBR) CEV 


Vcr (sat) 
Vcr (sat) 


VBE 
VcERL 
Iczo 


hrr 
hrer 


fr 
Cobo 
tQs 


Ts (opr) 
TstcG 


Vcero (sus) 
Vcrr (sus) 


Vcx (sat) 
Vcer (sat) 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI893 
COMMON-EMITTER CIRCUIT, ee INPUT. 
AMBIENT TEMPERATURE = 25° 


COLLECTOR MILLIAMPERES 


ie) 10 20 W in 50 60 
COLLECTOR-TO-EMITTER VOLTS 


—18 min 


—0.25 max 
—0.7 max 


—0.8 max 
—17 min 
—40 max 


400 max 
40 min 


40 min 
12 max 


80 max 
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<4 < <a < 


uA 


Mc/s 
pF 


ns 


2N1893 


Si n-p-n triple-diffused planar type used in small-signal and medium-power 
applications in industrial and military equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is 


2N2405 except for the following items: 


0.8 


2a pac 


See curve page 112 


—65 to 200 
—65 to 300 


80 min 
100 min 


5 max 
1.2 max 


92CM-l1653T 


°C 
°C 


<< << 
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CHARACTERISTICS (cont'd) 

Base-to-Emitter Saturation Voltage (Ic = 150 mA, 
Ins = 15 mA) 

Collector-Cutoff Current (Vcs = 90 V, Iz = 0, 
Lor e100 C) 

Small-Signal Forward-Current Transfer Ratio: 


WeRia o> Verlot el SM AG te IA KCl St ercrccs- eee eee 
Veni LOeV ale — 50-mAwt — 20zeMc/sh. ee 


Static Forward-Current Transfer Ratio 
(Vcr = 10 V, Ic = 0.1 mA 
Pulsed Static Forward-Current Transfer Ratio 


(Vcx = 10 V, Ic = 150 mA, tp = 300 us, df = 1.8%) .. 
Gain-=Band width Products ii ee 


Input Capacitance (Vrs = 0.5 V, Ic = 0 
Voltage-Feedback Ratio: 


Won = oeVeeto-— =i mA f= TD ke/s 5b ee 
iV Gat 10 eVi Loe DIMAS f= a KC/S eee eee 
Thermal Resistance, Junction-to-Case .......eeeeessseeeeeee 
Thermal Resistance, Junction-to-Ambient. .................... 


2N1905 


eee eee reson eres Heese sEEE TE EE HEHE Eee EHH eS EEEE SESE EEE HeEEEHEHEEEESS 


OOOO eee emer reese nee See e eee ee eEEEEOOEEEE SEES SEES ODES TEES DOE Hes EEE eEEEeS 


COO O OHO EHO OOH eee eee eee eeees esses seeeeneereee 


Deseecoreeeeeeneeeeees 


) 
Input Resistance (Vcp = 5 V, Ic = 1 mA, f = 1 kc/s) 
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VBE (sat) 1.3 max 
Icso 15 max 
hte 30 to 100 
hte 2.5 min 
hre 20 min 
hre (pulsed) 40 to 120 
fr 50 min 
Cibo 85 max 
hip 20 to 30 
hrb 1.25 x 10-4 max 
hrp 1.5 x 10-4 max 
Qs-c 58.3 max 


Qs-a 219 max 


POWER TRANSISTOR 


pA 


Ge p-n-p drift-field type intended for use in power-switching circuits, dce-to- 
de converters, inverters, ultrasonic oscillators, and large-signal wide-band 
linear amplifiers. Similar to JEDEC TO-3, Outline No.2 (Variant 2). 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 


case. 
MAXIMUM RATINGS 


Collector-to-Base Voltage ......ccccccccscssscsscsssssssccscsssccssssecesees 
Collector-to-Emitter Voltage .o......cccccecssccssssvsssecssesseeees 
EmMitter=f0-Base.’ Voltage - ...,.ccccccccosssssoseccsccessvesccesecsccccesevsecerss 


Collector Current 


Transistor Dissipation: 


PEMB UD) SCO OO: Cot ame. sone aes en een agener tee ne eee Ricans nay 
PL Rt rea DOW Cig HOC Cys chor ae rene Cen eR ee ee 


Temperature Range: 


Operating | Gunton) ec tar ee 
StOLAg Cee ces ae es as Me lie ain inh eis 


POCO SOOO EOE MESO SOE OEE ES ODES ES EESSETES EE SEH ESSSESS OSES EEE EEESEEEESEES 


LO Dob ars yet (5 Shy yas WR eA 7 atk SR en aU DE LAU tint, tape A IU ie 
Base? Current eee ee eas eee cee eee 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 


Collector-to-Emitter Sustaining Voltage 
(Ic = —100 mA, Ig = 0) 


POOR O OHO Hee OOH OOO Eee eee Ee eEeeeEn eee seseesese 


Vcso —100 V 
Vcro —50 V 
VEBO —1.5 V 
Ic —6 A 
Iz A 
Is —1 A 
Pr 30 WwW 
Pr . See curve page 112 
Ts (opr) -—65 to 100 °c 
TstcG —65 to 100 £C 
Te 255 4, 
Vcero (sus) —50 min V 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NIS05 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE=25°C 


COLLECTOR AMPERES 


i 
Pat 
Pe 
a 


\ 


aa 
= 


to] -5 -10 -15 -20 -25 


COLLECTOR-TO-EMITTER VOLTS 


BASE MILLIAMPERES =-5 
-30 -35 =40 
92CM-I0999TI 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Voltage 
Peer a Dee — 0.25 GA). ecccssceteecsesanddsovacecevvvevecseacdvdagateh Vcr (sat) —1 max 
Base-to-Emitter Voltage (Vcz = —2 V, Ic = —1 A) ..... VBE —0.5 max 
Collector-Cutoff Current: 
Carat OU OV HN (EL) a. Vi osc eeaescodceseltbcarsbisesevcnseazecesecstece IcBo —10 max 
Werte — 40M, View: = —1 Vy, Ter = 55°C. cieccecccscesccseees Icrv —3 max 
BV shes ote WER Ss iO) REY, |. oss ssicvseveeseccuadincasanceasecascenccosreees IcEo —75 max 
Emitter-Cutoff Current (Ves = —1.5 V, Ic = 0) ...... IrBo —2.5 max 
Static Forward-Current Transfer Ratio: 
ONE Copacs meee UT Cy Ae ec anspoousendondesinnacgesesevseescontsooee hrr 30 min 
Vier mete a Cp a tA. 8 ccs cccshvncetlveosdsessslovaceSitcsivcesscces vo hre 30 to 150 
Small-Signal Forward-Current Transfer Ratio: 
Moempa—e-—o eV ekc = —0:5 A, fo 1 KC/S) vissccdicccdcccssscctcee hte 30 to 200 
Weert POS —-O:5 Ay Pisa MGLS oonccecccccccccscsooenes hre 2min 
POWER TRANSISTOR 2N1906 
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Ge p-n-p drift-field type used in power-switching circuits, de-to-de con- 
verters, inverters, ultrasonic oscillators, and large-signal wide-band linear 
amplifiers. Similar to JEDEC TO-3, Outline No.2 (variant 2). Terminals: 
1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. This 


type is identical with type 2N1905 except for the following items: 


MAXIMUM RATINGS 


COMECTOL=LO=B ASE VOlLA RE. osc.c..sssan sisiasesvcseecseeiecssovevasecasasoeetseaaae Vcso —130 
CWOMECIOP=LO=FINITCCr  VOLEAGC  o.c...ccciccenscccedsvodscscscosscensvdevuusess Vcro —60 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 


Collector-to-Emitter Sustaining Voltage 


Lee OO IIA Cee berm Oreo rc85e5, accccsssessscdssssucnotecscevosossdsheces Vcero (sus) —60 min 
Collector-to-Emitter Saturation Voltage 

APL nse— tea O PeA tall ps fem —— 25 A) a, ios ticconsarecedace souscseusevedsd Vcr (sat) —0.5 max 
Collector-Cutoff Current (Vcs = —130 V, Vgxr(fl) = 1 V) IcBo —10 max 
Static Forward-Current Transfer Ratio: 

PVA Wa eV gE Ce AF oe Siac aceusceavsa'vosn desecb vues tbeeatedeeses hre 75 max 

RVC ON EG a A Ee cevcecadscoccecdedeecsesiusercdcccecstcsscosene hre 75 to 250 
Small-Signal Forward-Current Transfer Ratio: 

Meme ——oe Vv, lot —0.5°A, fl ke/8 ssiceccscics hte 50 to 300 

Weeds Wieko— —0.5A, f=) 1 Mc/s". ...csccccncsecosntenss hte 3 min 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2NI906 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE=25°C 


‘ee ee 

+aam 

aaa 

/ Soe 

| ce 

aioe =| | 

on ae a5 =20. -2 ~~ 30 =35. «40 
COLLECTOR-TO-EMITTER VOLTS 92CM-10996TI 


TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
(At mounting-flange temperature — 25°C) 


DC Collector-Supply Voltage ... Vcc 5 12.5 12.5 
On DC Collector Current .......... Ic —1 —2.5 —5 
Turn-On DC Base Current Ig1 — —0.25 —0.25 


<< 


PPr< 
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TYPICAL OPERATION (cont’d) 


| 

° 
TS) 
A) < 
r—) 
iv 
nu 


Turn-Off DC Base Current ..........eccssesseecceeees Ize A 
Pulse-Generator Open-Circuit Voltage ........ E 2 — — V 
Bas@=Bias BReSiStOr .ccccccxscosdetectcccsecccceteocstcecsstnteees Ri 75 5 5 Q 
Speed=Ups. Capacitors treiisncencsccss ccessocscsnccteccecstateas? Ci 0.1 — — uF 
TOAGL RESISLOR BD occcccossts scgsscsccctotetneeds caster vaasnseteTateteer eats Re 5 5 2.5 Q 
Generator IMpPedance? oo... ccesssscccsssssecesesscecees Re 5 5 5 Q 
DCT STATO A a. aitcccsacsecnedenslpnce ss Stee dopa cto OGL SIEAR TERRORS ta 0.1 0.1 0.1 us 
FRASG AIP UNOS, facet rane ce ncstncdeceduacctettectvaceccosentantesscree cleats tr 0.1 0.4 0.9 us 
DLOTARCH TIME Be. cccasesssccerstsceseseoveesse ii vecatecnedeaeverntisets ts 1 7 7 LS 
PTDINS io Beivccs svteve « ccevaseccevecsartties cocestetocavcascueveetaecs tr 0.6 1 2 US 


OUTPUT 
VOLTAGE 


92CS—I1009R2 


2N2015 


Si n-p-n diffused-junction type used in dc-to-de converter, inverter, chop- 
per, relay-control, oscillator, regulator, pulse-amplifier circuits; and 
class A and class B push-pull amplifiers for af and servo amplifier appli- 
cations. JEDEC TO-36, Outline No.11. Terminals: Lug 1 - base, Lug 2 - 
emitter, Mounting Stud - collector and case. 


MAXIMUM RATINGS 


POWER TRANSISTOR 


Collector=to-Base™sV Ola Se icc cecsccscdiiscuttomes soto cateeaoisaioeiteres Vcso 100 AV. 
Collector-to-Emitter Voltage ............cccssscscssssscsssscsssesesesssees VcEo 50 V 
Emitter-to-Base* Voltawe <i Sn i eiectvctessscsveshuctenedtteecscues VEBO 10 V 
Collectors Current 5 irsccccscdosasessoseecee seco Wie ee neer ae cnc beweuetane Ic 10 A 
Brnittery Current), chi cdced aaa tcseben oe aadittecat scart Iz —13 A 
ASCs C LITE CTI eter marr ees ere eee eiineeremee Oy tee cor ee Ip 6 A 
Transistor Dissipation: 

WOMUPELO gop Wie caer see ussecseercarecte necttccttem eoeemeec ec mteretcer eres Pr 150 WwW 

piemae Le ahd p+ ul Salem Shae facet Se aay Solan BEE ce Bem We oo Pr See curve page 112 
Case-Temperature Range: 

Operating (Tc) and Storage (TsvG) ceccccccccccccessscsseeeers —65 to 200 °C 
Lug-Soldering Temperature (10 s MAX) cisco T (lug) 235 Ae 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPICAL BASE CHARACTERISTICS 


TYPE 2N2015 
COMMON - EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS = 4 


m CASE TEMPERATURE —°C an 
5 1000 xs 
& 50 
a 9E 
— . <q 
3 750 ee 
¥ $i 
a” 500 of 
ao rei 
or 
OF 


) OS" 4GF 15; ere 28a003 
BASE-TO-EMITTER VOLTS 
92CS-11I093TI 


TYPE 2N2015 ; 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (Vo¢)=4 


2 oy 
> 
= 
or] 
m 
D 
m 
ny 
~~ 
= 
° 
— 


COLLECTO 
92CS-I1090T! 


Technical Data for RCA Transistors 197 


CHARACTERISTICS (At case temperature — 25°C). 


Collector-to-Emitter Voltage (Vaz = —1.5 V, 

Neem MIDEN TN) PEM Soar 5 Saco deoe s eavcocciceseoasicschsccgstecechdoveccccecccoososanee Vcrv 100 min V 
Collector-to-Emitter Sustaining Voltage (Ic = 200 mA, 

cee gee con eee) a ee EE el eo rie Lo ee Vcro (sus) 50 min Vv 
Collector-to-Emitter Voltage (Ic = 5 A, In = 0.5 A) Vcr (sat) 1.25 max Vv 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 5 A) wu... VzE 2.2 max V 
Collector-Cutoff Current: 

Ue sera em ED MMS MPD Et mee () S65 -c ss doainc in Sabu b ae cola vavoaaceh scodcecenece Icro 0.2 max mA 

EN RoR are DE UV Bm mV oda ce eddie ance cencccscnessoneedsicds Icrv 2 max mA 

Menn=——woUMveoV BH —1.5°V, To = 150°C ciiclecccecccleccece Icrv 2 max mA 
Emitter-Cutoff Current (Ves = 10 V, Ic = 0) uw. IEBo 0.05 max mA 
Static Forward-Current Transfer Ratio: 

one ees” A SE er theo Seon Sek ee hre 15 to 50 

iia RT CH OT A eee chsh ca he khaeka locccck caceceoedloces hre 8 min 
Small-Signal Forward-Current Transfer Ratio 

emcee bet 1 Ay fed 1G /S) ain scheccceccncceencencvennees hte 12 to 60 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

errr Com = 4 Voc 5 A) asco ci nntenesaceosnetcceums free 12 min ke/s 
Collector-to-Emitter Saturation Resistance 

Nt eee ee a ey PNY 95, 852 oe os an leicesace ot sdactbng insuiucnedensuacarsueres rcr (sat) 0.25 max Q 
Output Capacitance (Vcs = 40 V, Ic = 50 wA, 

See ME MINN S55) eT aC ok Sache. eco oak reas lees sleds a coedsncalacecocscacdccscaccasesessue Cobo 400 max pF 
Thermal Resistance, Junction-to-Case ou... cccccecsessseceeee QOs-c 1.17 max °C/W 


TYPICAL COLLECTOR CHARACTERISTICS 


10 
F ee TYPE 2N2015 
p= 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


COLLECTOR-TO—EMITTER VOLTS 92CM-11092T2 


POWER TRANSISTOR 2N2016 


Si n-p-n diffused-junction type used in dc-to-de converter, inverter, chop- 
per, relay-control, oscillator, regulator, and pulse-amplifier circuits; and 
class A and class B push-pull amplifiers for af and servo amplifier appli- 
cations. JEDEC TO-36, Outline No.11. Terminals: Lug 1 - base, Lug 2 - 
emitter, Mounting Stud - collector and case. This type is identical with 
type 2N2015 except for the following items: 


MAXIMUM RATINGS 


Pe OLICCLOT COMI ASE AV OLLA GE i225... sescuchececacecccdhocsceoccerooscossoeeccceses’ Vcso 130 V 
COMeCIOr-1LO-Emitter Voltage oi.cisicicvececsacecichescessercccocecdooocsectee VcEo 65 V 
CHARACTERISTICS 
Collector-to-Emitter Voltage (Van = —1.5 V, ; 
cgrare TATA Da ee ee ee Se oo, csccescccsesceaeocvdecbncsteuten VcEv 130 min V 
Collector-to-Emitter Sustaining Voltage (Ic = 200 mA, ; 
oats GSE ELAPSED EEE EET SP eed VcEo (sus) 65 min V 


amd TRIN) ooo occncesss Zioconceuabavctgaceonsncaceyaccddeabuacocesscdcccaeecevdsers Icrv 2 max mA 
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2 - base, 8 - collector and case. 


MAXIMUM RATINGS 


Collector=to=Base WV Ota ge Paik. ccce..sssceseccsccsesseoesensesosegoscnconsiee 
Collector-to-Emitter Voltage: 

PRB LO Circe oieti cock ea svadeastoececdscn sess qseveasttocectestusestecborecoete 

BaS@ Open een ccecsiviccsseckcccscctecestetatenttnsvosetesusnacchactsveetcoutecesesesvoreee 
Emitter-to-Base: Voltage. iccscccdecscsctencratecccesscstecedsectectntdnseestes 
Collector Gurment ia esiere eet ia css sdeesavasesieitcscesnesDetpaccaescosseess 
Transistor Dissipation: 

DA UP TOROS CO, vcs sieszccee enti oo Soe ek sw BRE ee vevensehusnsdie sscecstessss seastesessss 

TEGip UID ea CO mec 2 Cakes ici sceayerecisctessvsteseveuseccertnees oot stetet sete eesepeecs 

IPASOLN LCRADOVER ZOD. .C ~ iiss ertectactisgs sancusidoussssestedscaststecterstiseqvantice 
Temperature Range: 

Operating GIUNCUION ere ccrrcceesteccecsevereceectecccstessstuccosastessatsseass 

SEOVAG CM iy a seeccecactessascacecetebecscucavecca.cdavacontessticocsseces «see teccee cost eouses oven 
Lead-Soldering Temperature (10 S Max) ©... eee 


CHARACTERISTICS (At case temperature — 25°C) 


rides asia lors Breakdown Voltage (Ic = 0.1 mA, 
Bota O ) ino cescncssede ccs cvesabecaceenee covcwavekaus cyisctecancact vasssewcadavecciastsactseaes sas 
Se ghoas -to-Base Breakdown Voltage (Iz = 0.1 mA, 


Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, Rzgz = 10 Q, tp = 300 us, df = 1.8% ..... 
Ic = 100 mA, Is = 0, tp = 300: ys, df= 1.8%......... 

Collector-to-Emitter Saturation Voltage (Ic = = 150 mA, 
Fe 15 MN AY ity, = SOO eS irs 1 BOO acs ciscaccsvaseseecsesedvuce 

Base- to-Emitter Saturation Voltage (Ic = 150 mA, 
Int 115. mA}. tpi S00 Hus}. Gi RE eR BG, ars scass-cssocnssccessscoess 

Collector-Cutoff Current: 
Vies a=» 60 Gi, En = OF aR SSE Creer ewok sccereee reesteaks 
Vcs = 60 V, In = 0, Ta = 0 

Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ................ 

Static Forward-Current Transfer Ratio (Von = 10.:V;, 
Tene 20-0 em AG LC 25 2 }) tw, eeterciees dus loeeniniaceenswens 

Pulsed Static Forward-Current Transfer Ratio 

= LOENV 7 lo = 71505 MAP Troe = 25°C; 

toe SOOUS, POET Bote ee otievestesase eee 


Vcr 10 V, Ic = . A, Tc = 25°C, tp = 300 us, 

(OBE ered h RUA yo ae 0a ft mi APU 0h ay nee el Ae a on 
Vcz = 10 V, Ic = 10 mA, To = —55°C, 

tpm==PS00R Sie CE gS Wo wie ccsvstencctcavenoeerrcer inne Peceaeeneee 

Small-Signal Forward-Current Transfer Ratio: 

VMene Oe Veeco ele mA fe LG KC/S. keene aan Aoiconw eee 
Ven = v10 aV elo (95> MAe f=" fb ke/s cae eae. 
Vcz = 10 V, Ic = 50 mA, fi 20 Mesa. c... eee 


TYPICAL COLLECTOR CHARAC TELS 


TYPE 2N2102 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
IOFAMBIENT TEMPERATURE =25°C 


a 
fo) 
(2) 


Bs 
(o) 
o 


COLLECTOR MILLIAMPERES 
o 


SAGE dA ee 

mina 

cs ros 0 AE 
40 


COLLECTOR MILLIAMPERES (Ic) 


92CS-IN7ST 
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2N2102 TRANSISTOR 


Si n-p-n triple-diffused planar type used in small-signal and medium-power 
applications in industrial and military equipment. This type features ex- 
ceptionally low-noise low-leakage characteristics, high switching speed, 
and high pulse hrr. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 


Ts (opr) 
TstTe¢ 
TL 


V(BR)CBO 
V (BR) EBO 


Vcrr (sus) 
Vcro (sus) 


Vce (sat) 
Vex (sat) 
Iczo 
IcBo 


Irso 


hre 


hrs (pulsed) 
hr (pulsed) 
hrn (pulsed) 


hte 
hte 
hte 


-] 
dd peace < 


See curve page 112 
—65 to 200 °C 


—65 to 300 °C 
300 °c 


120 min Vv 
7 min V 
80 min Vv 
65 min V 
0.5 max V 
1.1 max V 
0.002 max pA 
2 max pA 
0.005 max pA 


10* min 


40 to 120 
10* min 

20 min 
40 to 125 


45 to 190 
6 min 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2102 
FREE-AIR TEMPERATURE (Tea)=25°C 


00 fe) 5 10 15 20 
COLLECTOR-10- EMITTER VOLTS COLLECTOR-TO-EMITTER VOLTS (Vc_) 


92CS-l2667T 
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CHARACTERISTICS (cont'd) 


Papiecappeirance (Vin — 0.575Vj Ic = 0) ..c.ccccccscsssvesssese Cibo 80 max pF 
Output Capacitance (Vcsp = 10 V, Ic = 0) uu. Cobo 15 max pF 
Input Resistance: 
Wee Ve Cm TAS fo. 1 Cero pores teeta ss hib 24 to 34 Q 
Vy eau PO 5- MAS Fe DK C/S ods sncstcesvsivecborsgece hip 4to8 Q 


Small-Signal Reverse-Voltage (Feedback) 
Transfer Ratio: 


Wepre Viel Co 1m AS fem DK C/S oiievisciscovecbcccsessdenes hrb 3 x 10-4 max 
Wipe OeVenlo = 57m As fea P KO/S. oe oicicsteececcceetbenes hrp © 3 x 10-4 max 
Gutput Conductance: 
Mera——or vi eer — il MAR. fe Like /s ee. hop 0.1 to 0.5 umho 
Ceram OV tC ae etA. fe MIG /S oo ied. snvanc soaks ath sesconct hob 0.1 tol umho 
Noise Figure (Vcr = 10 V, Ic = 0.3 mA, f = 1 ke/s, 
Meni 42. circuit bandwidth —=.1-¢/s) © cccecciceicsveaxe NF 6 max dB 
Thermal Resistance, Junction-to-Case wots cceecssscccccceeeeees QOs-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient ............cccceseeeees Qs-a 175 max °C/W 


* This value applies only to type 2N2102. 


TYPICAL TRANSFER CHARACTERISTICS TYPICAL NOISE - FIGURE CHARACTERISTIC 


TYPE 2N2I02 
COMMON—EMITTER CIRCUIT, BASE INPUT, 
BMPERA— 0, 


TYPE 2N2102 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR -TO-EMIT TER VOLTS (VcE)=!10 


AMBIENT T 


on 009] TURE = 25°C @ | FREE-AIR TEMPERATURE (Tr q)=25° C 
ig © | GENERATOR RESISTANCE (Rg)=510 OHMS 
tt 400 w _| SIGNAL FREQUENCY (kc/s) =! 
& g| BANDWIDTH (cps)=I 
< © 
—j 
= ri 
S 200 2, 
oO 
4 
a 100 2 
oO 
0) 
OF POTS 08 N13, 018" uF 
yl 0 02 04 06 08 10 
Oe ell a SE Se oe COLLECTOR MILLIAMPERES (Ic) 
92CS-12220T 


Ge p-n-p drift-field type used in high-fidelity amplifiers where wide fre- 
quency range and low distortion are required. JEDEC TO-3, Outline No.2. 
Terminals: 1 (B) = base, 2 (E) - emitter, Mounting Flange - collector and 
case. 


MAXIMUM RATINGS 


COMECIOR=fO~ aS “VOLTAGE ccccisccecchecsieasssnsiecssqavveis Resccgecteuseotivens Vcso —T75 V 
MOMSCLOr=tO— ENTITLED VOILA RC. 2.0 oo) iuke ie tkecesennstbaceacesadeccdseetnsearee VcEo —50 V 
BARMUEVET PO ESASE. VOILA BEC™ 1 oh cocss.cidoscascoleseosesosseesnccenctenscosccssdssds VEBO —1.5 V 


* This rating may be exceeded provided the combined dissipation in the emitter and 
collector does not exceed the maximum dissipation rating for the device. 


TYPICAL TRANSFER CHARACTERISTIC TYPICAL BASE CHARACTERISTIC 


TYPE 2N2147 

COMMON-—EMITTER CIRCUIT, BASE INPUT. 
—6| MOUNTING—FLANGE TEMPERATURE =25° C 
COLLECTOR—TO—EMITTER VOLTS2=—2 


_ EES eas 
ey Ee 
VS aa 
OS Ane aa 
eh ea 


—-200 -—400 -600 —800 (e) -0.2 -0.4 —0.6 -0.8 
BASE—TO—EMITTER MILLIVOLTS BASE-TO—-EMITTER VOLTS 
92CS-11324T! 9 92cS4(S27TN1, 


TYPE 2N2147 

COMMON-—EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE =25° C 
COLLECTOR—TO-—EMITTER VOLTS =-2 


COLLECTOR AMPERES 
BASE MILLIAMPERES 


° 
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MAXIMUM RATINGS (cont’d) 

Collector VW CUrrennt oii sico hone ctereecneescs sesneteeeneetbas ieee aatpancocserstaanae Ic —5 A 
Binitterwy Curren tic chroecsncettec tor cotesev anes ee eee ee eset ccnspecentne In 5 A 
BASE AC ULM Fore oc sccosccecccacceasonsvsuccassecesooensetec as coassossctcustess sercecccetocs In —1 A 
Transistor Dissipation: 

TMB) UIP CORBY Ces aed aev nay setss cn sadestansocecncteosnstbaaese codecbaserteecesbaere-F™ ey : 12.5 Ww 

TEE Ma ADOVE «Sls Gy eect ccc cancccettaseccecsavecst Garnstacs cuss cusdseseseetatenerncttes Pr Derate linearly 0.66 W/°C 
Temperature Range: 

Operating <(JUNCtiOM) Hes. cose scree eter eeccctes eererseecesteseaces Ts (opr) —65 to 100 °C 

CSO) O22 en pop ipa Bh pee pre na na artes oa panna arte on inary a TsTG —65 to 100 AG. 
Pin-Soldering Temperature (10 S MAX) ou... eens Tp 255 Ac 
CHARACTERISTICS (At mounting-flange temperature — 25°C) 

Collector-to-Base Breakdown Voltage (Ic = —10 mA, ; 

1D lgiesectin 1) Iya cise RPO PRE pene eee ned Soi bopetnet mensertrrrerry oor ieee ert VBR) CBO —75 min Vv 
Collector-to-Emitter Breakdown Voltage J 

(Tot "== 1L00t MAS Tp =" 0) Ae ree eee V (BR) CEO —50 min V 
Base-to-Emitter Voltage (Vcr = —10 V, 

Mg eSt STU Ve Lene ee Deer Oey Sena aetna cece as Soca VBE —0.24 V 
Collector-Cutoff Current (Vcp = —40 V, In = 0) ......... IcBo —1 max mA 
Collector- Cutoff Saturation Current (Vcs = —0.5 V, 

Iz UO omicetets eb tceitecc bhi te epic ahi kc CE EEA ep PEON Icso (sat) —70 max LA 
Emitter-Cutoff Current (Nips ———-.5 Vi, 1c ==) 0)meeaee: Izzo —2.5 max mA 
Static Forward-Current Transfer Ratio . 

OA Go eee IY 8 (oh mee Is Wp Metre ee Pen antec aria etn eer erere hre 100 min 
Gain-Bandwidth Product (Vcr = —5 V, 

Fem) — 500 PIA) Sealine crcceacrersctete ceeee cee eee ee ences fr 4 Mc/s 
Thermal Resistance, Junction-to-Mounting Flange Os-MF 1.5 max °C/W 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2N2147 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE = 25° C 
wm 
WwW 
e 
WJ 
a 
= 
< 
a 
2 BOUNDARY OF 
oO RECOMMENDED OPERATING 
uy REGION 
=i 
° 
oO 
ie) Pa -10 «=-15 i -25 ee -35 -40 -45 -50 
COLLECTOR-—TO-EMITTER VOLTS 92CM-1133!T2 
TYPICAL OPERATION IN “SINGLE-ENDED PUSH-PULL” CLASS B 
AF-AMPLIFIER CIRCUIT (At mounting-flange temperature — 25°C) 
DGCECollectorsSupply-d Voltage Ve .cdccscreseesccoctttese-seesctscetdavecsoosss Vcc —22 V 
Zero-Signal DC Collector Current oo... cccscsssseeeceeeeeeees Ic —0.05 A 
Zero-Signal Base-BiaS Voltage 2.0... essssssssssessseseeereerseeeee —0.24 V 
Peak + CollectOrs Current: oiecccis i... .5csecs po hocgp sip tas onesvn cetastactegcatensn ic (peak) —3.5 A 
Maximum-Signal DC Collector Current ...............cccccceeeeeee Ic (max) —1.1 A 
Input Impedance of Stage (per base) ou... ececeeceeeee 75 Q 
Load Impedance (speaker voice-cOil) oo... eeeeeeeeeee Ru 4 Q 
Maximum Collector Dissipation (per transistor) 

UNder WOYSt-CASE CONCITIONS .o....c.cceessccccssssecceessreeeeesererse 12.5 WwW 
EIA Music Power Output Rating oo... cccccssccesseneeeees 45 WwW 
PO WOE Fp Gali pecetc researc capers te ctos ccteccccncd abuses sossoccaceotoctecsnskeseron 33 dB 
Maximum-Signal Power Output oo... cccceceesccceceeeeeeeseee Por 25 WwW 
Total Harmonic Distortion at Maximum-Signal 

PowermOutputicn......... Fee Re erty 5 tt re RE od roan Yer 5 % 
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T 
Vcc 
Vcc 
TO 
DRIVER 
STAGE 
Ri, Rs = 330 ohms, 2 watts 
Re, Rt = 3.9 ohms, 0.5 watt 
Rs, Re = 0.27 ohm, 0.5 watt 
Voice coil 
impedance = 4 ohms 
Vcc = 22 volts 
92CS-II332R2] 
POWER TRANSISTOR 2N2148 


Ge p-n-p drift-field type used in high-fidelity amplifiers where wide fre- 
quency range and low distortion are required. JEDEC TO-3, Outline No.2. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. This type is identical with type 2N2147 except for the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage oiu.......cccccccsccccsssssscssscsssssscsccsscssescesees Vczo —60 
WOMCCTOR—LO=EANITLErS VOltAGE® oo. iec. ti ciilssesoseceededovacsocssseocssceeces VcEO —40 
CHARACTERISTICS (At mounting-flange temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = —10 mA, 

RAM) Re tee secre ite celts sss csssasescsesasesdestivcdsecTlasdac tbe cowdectesseadedevs VBR) CBO —60 min 
Collector-to-Emitter Breakdown Voltage 

Nie em TO TaN AN Ds OI) eon oie Seca aceccine oaaadeseats saat dovescesesese VBR) CEO —40 min 
Emitter-to-Base Breakdown Voltage (Im = —5 mA, 

A ES oa ee ce ee V@R)EBO —1 min 


TYPICAL TRANSFER CHARACTERISTIC 


TYPICAL BASE CHARACTERISTIC TYPE 2N2148 


TYPE 2N2148 

COMMON-—EMITTER CIRCUIT, BASE INPUT. 
MOUNTING—FLANGE TEMPERATURE =25° 
COLLECTOR-TO—EMITTER VOLTS=—2 


c 
COLLECTOR-TO-EMITTER VOLTS (Vog)=-2 


BASE MILLIAMPERES 
COLLECTOR AMPERES (Ic) 


ie) —0. -0.4 —0.6 
BASE-—TO-EMITTER VOLTS 
9 


DS) 


conte 74M Oud 210: -20..=30 40 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE (Tye) 


-50 -60 


FE: BASE MILLIAMPERES (Ig) 


92CS-I0993T! 


V 
Vv 
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TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2/148 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE = 25° C 


BOUNDARY OF 
RECOMMENDED OPERATING 
‘ REGION 


COLLECTOR AMPERES 


oo 


A ee Ee ee ; 
fe] =§ -l0 wees tte oe mo a ag 
COLLECTOR-TO-EMITTER VOLTS $2CM-l0999T3 
CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (Vcr = —10 V, 

ik EBs OO pe TTA pm eee ab oie Se a tes reer gata eeeee sata ene eed oe VBE —0.26 
Collector-Cutoff Saturation Current (Vcs = —0.5 V, 

Lean) \Siteticcicct trace Oe Ico (sat) —100 max 
Emitter-Cutoft Current (Vrs = —1. 5 Vie, =O) eee Irso —10 max 
Static | Forward-Current Transfer Ratio (Vcr = —1 Vv; 

Ts BAe iiss ah eeleree ee hre 60 min 
Gain-Bandwidth Product (Vcr = —5 V, 

Tee BE SOO TIUAD a ccs voc cspnsssseacess datdvcviavoncsbessdul@e tt cee. oe eae fr 3 typ 


TYPICAL OPERATION IN “SINGLE-ENDED PUSH-PULL” CLASS B 
AF-AMPLIFIER CIRCUIT (At mounting-flange temperature — 25°C) 


DCe Collector Supply. Voltaveiesn. 2 eh 2. kee ee —16.5 
Zero-Signal DC Collector Current —0.05 
Zero-Signal Base-Bias Voltage ............ ree —0.26 
Peak €ollector Currents. 23. 0sdaa eee j —2.7 


7 
Vec 
Vcc 
TO 
DRIVER 
STAGE 


Vcc = 16.5. volts 
Ri, Rs = 270 ohms, 2 watts 
Re, Ra = 3.9 ohms, 0.5 watt 
Rs, Re = 0.39 ohm, 0.5 watt 
Voice coil 
impedance = 4 ohms 


92CS-lIS32R2 


Ded 
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TYPICAL OPERATION (cont'd) 


Maximum-Signal DC Collector Current 
Input Impedance of Stage (per base) 
Load Impedance (speaker voice-coil) 


Maximum Collector Dissipation (per transistor) 


under worst-case conditions 
EIA Music Power Output Rating 
Power Gain 
Maximum-Signal Power Output 


Total Harmonic Distortion at Maximum-Signal 


Power Output 


COMPUTER TRANSISTOR 


Oooo ee erocesesercesseseeseee 


eee rere eeeerersceereceseccssees 


POO e ee eee ere res deere ee essere reseseseooeeeeeees 


OOOH eee sore eres seers s eee esesseeesesseee 


SHORT eee meee eeeE eee H EEO OEEEOEHH OOS OSEO SEES ESEE SEES OEO SES HESSSO SEES ODEO SEEE ES 


PPCM HOH RESO SCHOOL EERO OO SOOO SEO OEOEE REESE EOD OO SOS ESSEC ES OEE EOE DEO O EE DESS 


Ic (max) 


5 


203 


<<< po> 


S| 


2N2205 


Si n-p-n double-diffused epitaxial planar type used in high-speed switch- 
ing applications in military and industrial equipment where high reliability 
and high packaging densities are essential. JEDEC TO-18, Outline No.9. 


Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector=to-BaSe Voltage -:.........c..cccsossssocsssesvecssocesscssscscosenees VcBo 
Collector-to-Emitter Latching Voltage (Rsr = 1000 Q, 


PE Ripe Marte DU GG), artes ote Ns oy ae coc seach ett evens qc cecactessueadencshesedcosaeece coneet cess VcERL 
Collector-to-Emitter Voltage ..........ccccessecscccessssssereccesssssseeesees VcEO 
BEMELCCE=tO = tS ASC ESV OLLALE —2....sdcseccoossessconseonesascvcbaccnocccnosonsasessee se VEBO 
POMC CLOTMMCMITCGIIG ( ccerccccsssosccccsscttstoustoveccessusuatcnsclcnescvorciavessioneseennns Ic 
Transistor Dissipation: 

PEpAMLAT ER EOE Die Gm cs .cs.0rsevseosseSerecvor ceo Bessccsucescccceccéevceeoccessiceesectesses Pr 

Se ETE MEIC cos oc sdccecnier et ceth ossscscovsoseusceresectecosuscontoesestGnccooneses Pr 

TARO TOMA DO VIETOILC. .ccessccsei cities ocssnc caunsaetoasseoteboonessacetncracseseneosee Pr 
Temperature Range: 

PC DAI em (EAR OX: LC) 2: castesevessesccecieousorssbestcsseodccsccecsbessostetus 

SURE CE YEH SS s Ror oR OR aIR ec ao E a NTUNN oa in ion rm TstG 
Lead-Soldering Temperature (10 S MAX)  q.....ceccceeerees ee 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

WORN Ie a trees. 877 - caceeacccecdancccoccccncsuada dead cvcusetestoudovsnecdendot eee Nee VeR)cBo 
Emitter-to-Base Breakdown Voltage (Iz = 0.1 mA, 

eee EON MEMES aos cose es sate e rte dedeeains cect wcunsesncocdect ce acteetoth cones hoseete ates V(BR)EBO 
Collector-to-Emitter Saturation Voltage: 

oem NBT By TRIVIAL 9,0. cncsucesvecsesavonnduactencaveceiaasonsasessns Vcr (sat) 

pete OR TNVAN sa =) TVA |<. sccveyecesacasdcatennctconboaccitescdacesscsoah Vcr (sat) 
Base-to-Emitter Saturation Voltage (Ic = 10 mA, 

erste eEPLRE TT: NG) Me hot 2c, s-c cu. sasecsocesdareccoccsccocarsecucecoscieceeccseesecress Vex (sat) 
Collector-Cutoff Current: 

Viicne—alomVveey le =O, TA 025°C. ci uccenccncnncsecesses Icso 

Ween—slomVverle = 0, Ta = 150°C. w.ciccecscedees = Icgo 

Vce = 10 Vv; Vee = 0.35 Vv, Ta = 100°C Icrvy 
Static Forward-Current Transfer Ratio (Vicon Vs 

fee Snes U0) mA) RoR aBG site ce fe ones ab sinclos sec omasecevsiscesiseseeGdessuccees secceaecnsseona hre 
Small-Signal Forward-Current Transfer Ratio 

(Niatn OmVGulLCr—al ObimA fa—2 100. MC/S)” .ceecccccesseccenes here 


TYPICAL TURN-OFF CHARACTERISTICS 


TYPE 2N2205 

COMMON-EMITTER CIRCUIT, BASE INPUT. 

eg —ON BASE MILLIAMPERES (Ip, dal 
OLLECTOR MILLIAMPERES (Ic )=10_! 

SUNCTION TEMPERATURE (Ty) = £2596 


nN 
(S,) 


STORAGE TIME (ts) —NANOSECONDS 
FALL TIME (t¢) NANOSECONDS 
DELAY TIME (tg) - NANOSECONDS 
asd 


-| 
TURN-OFF BASE MILLIAMPERES (Igo) 
92CS-II380T! 


25 min 

3 min 
0.22 max 
0.35 max 
0.7 to 0.9 


0.025 max 
15 max 
15 max 


COLLECTOR MILLIAMPERES (I¢)=! 
JUNCTION TEMPERATURE (Ty)= os" Cc 


2 8 
TURN-ON BASE MILLIAMPERES (Ip) 
92CS-11384T 


25 


20 
12 
3 
0.2 


0.3 
1 


Se pace < 


See curve page 112 


—65 to 175 
—65 to 300 


°C 
°C 
235 


a 


20 min 


2 min 


TYPICAL TURN-ON CHARACTERISTICS 


TYPE 2N2205 
COMMON-EMITTER CIRCUIT, pase hie 


S 
°o 
RISE TIME (tr)-NANOSECONDS 
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CHARACTERISTICS (cont’d) 


Storage Time (Vcc 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
Rez = 10 9 


Base 


Emitter-to-Base Voltage .. 


open 


Collector Current 


Transistor Dissipation: 
Ta up to 25°C 


Tc up to 25°C 


Storag 


Ing = 


eeccvescoes 


eeecccccvescocces 


10 V, Ic = 10 mA, 
Ini = 10 mA, Ine = —10 mA, Ro = 1000 QQ) 

Turn-On Time (Vcc = 10 V, Ic 
In1 = 3 mA, 

Turn-Off Time (Vcc = 10 
In1 = 3 mA, Ise 


2N2270 


Si n-p-n triple-diffused planar type used in rf-amplifiers, 


1 mA 


10 V, 


Preverer reer trier tr 


COO e CeO C COREE ESOT OE HE OH DEO ESE OOOO OR SOE OOOO OS OOS OOS EDEESOSS ESTOS SOS OOS 


COCO OOO SED EOO SEE ESE O OEE OTF OSLO OOOO OOS OSES SOSD SOOO STOO TOO OOS9OS OOOO SS 


COCO Coe C eee E OEE OHOT DEEDES OSE OTOH OSE E ESO DOSES S EOL OO LEST SE RETOUR DOES 


Ta or Tc above 25°C 
Temperature Range: 

Operating (Junction) 
Fak [Al 1 OL rn OS RO aR ty Ue! ge NER eR Reo Wie BRP A Dy 
Lead-Soldering Temperature (10 s max) 


POPC eS CC OS COTO DEEE OCHO OOOO EEE EOE OO OOO SOO OOOO ESOT ES OOOOSH OSSD 


Preee rere ee erie 


ee rccceecsereecccccoocss 
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In = 0, 
PPTTTITITTITITTTTTTTTTTT Cobo 
ORE access ts 
= 10 mA, 
Prreerrrereeeee ere ta-+ tr 
V, Ic = 10 mA, 
INLD) acccccecvccccccccscccvcsccsecversssceseocece ts + tr 
TRANSISTOR 


V.cBo 


Tz (opr) 
TstcG 
TL 


CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 


OP Oe Ooo Coors OO Oe DESEO OEE OOOO EOOE DOSE EOOE SESE SESE OSES SESE OOOO ETS OSOESES HS SOSOOEEEO OSES 


In = 0) 
Emitter-to-Base Breakdown Voltage (Im = 0.1 mA, 


Ic = 0) 


POC CCOS LESS OOO SOON SEES OOO SL SETS OO ESOE SOE ESED EES DODDS SOOO OS SO OOS O SED SESSOSHOOSEES 


Collector-to-Emitter Sustaining Voltage: 


ico 


100 m 


AS te = .000 ns > dE "18k ene 
Ic = 100 mA, Raz = 10 Q, tp = 300 us, df = 1.8% .... 


Collector-to-Emitter Saturation Voltage (Ic = 150 mA, 


COCO OOOO OE TOTO O OEE S SOTO SEED OSE DO EEO OSE SESE DODO OTE DSESTESSO TS OO SE ODES OSI EES 


= 150 mA, 


mA) dcoauseseccesassobeseseesnesesesvocsesashbes hepepeuedeserewes oavsencseseers 


Oo eerererrcesecccvosceeseesesseeseseeees 


In = 15 mA) 
eee Saturation Voltage (Ic 
BS 
Collector-Cutoff Current: 
Vcs = 60 V, In = 0, To 
Vcs = 60 V; In = 0, To 


Emitter-Cutoff Current (Ves = 5 V, Ic = 0) 


Coe ee eeerrceeoceeeeseeoeoseeesoeeeneee 


aereescroneseres 


Pulsed Static Forward-Current Transfer Ratio: 
(Vcze = 10 V, Ic = 150 mA, tp = 300 us, df = 1.8%) 


COLLECTOR MILLIAMPERES (Ic) 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2270 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
Tea) 25°C 


FREE-AIR TEMPERATURE ( 


DC FORWARD- CURRENT TRANSFER 
RATIO (beg) 


COLLECTOR-TO-EMITTER VOLTS (Vc_E) 
92CS-ilI89T 


V(BR)CBO 
VBR) EBO 


Vceo (sus) 
Vcrr (sus) 


Vcr (sat) 
Vzx (sat) 
IcBo 


Icso 
Izzo 


hrs (pulsed) 


6 max 
25 max 
40 max 


75 max 


ba 


ba 


ba 


mixers, oscilla- 
tors, and converters, and in af small-signal and power amplifiers. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


60 Vv 

60 Vv 

45 V 

7 V 

1 A 

1 W 

5) WwW 

See curve page 112 

—65 to 200 “is 

—65 to 200 a & 

255 £Cc 

60 min V 

7 min V 

45 min V 

60 min V 

0.9 max V 

1.2 max V 

0.1 max HA 

50 max pA 

0.1 max LA 
50 to 200 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


100 


0.l I 10 
COLLECTOR CURRENT (I¢)—-MILLIAMPERES 
92cs-IseiT2 


1000 
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CHARACTERISTICS (cont'd) 


Static Forward-Current Transfer Ratio 


erm re 80) BAD ii iovcccscnscncasacencstvnceonnsdavcesedncseeste hrer 35 min 
Small-Signal Forward-Current Transfer Ratio: 

er ree 1 = 5 MA, fe 2 CCHS... sccccecteasanccnsscsancsstecee hte 30 to 180 

Rice = 02 V, Ie = 50-mMAg fo 20 MC/S  covccccccccccciecnecesss hte 3 min 
Input Capacitance (Ves = 0.5 V, Ic = 0) coiccccssccccssceeee Cibo 80 max pF 
Output Capacitance (Vcs = 10 V, Ip = 0) oo. Cobo 15 max pF 
Noise Figure (Vcc = 10 V, Ic = 0.3 mA, 

Re = 1000 Q, f = 1 kc/s, circuit bandwidth = 1 c/s) NF 6 max dB 
Thermal Resistance, Junction-to-Case oic..ccccccccscccsssceecseee Q3-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient  ............... Q@3-Aa 175 max °C/W 

POWER TRANSISTOR 2IN2338 


Si n-p-n diffused-junction type used in dc-to-de converters, inverters, chop- 
pers, and relay-control circuits; in oscillators and voltage- and current- 
regulator circuits; and in de and servo-amplifier circuits. JEDEC TO-36, 
Outline No.11. Terminals: Lug 1 - base, Lug 2 - emitter, Mounting Stud - 
collector and case. 


MAXIMUM RATINGS 


CollectOr-toO-Base Voltage ...........ccccsscsssssssssscssccsssccsesccenscteceee Vcso 60 V 
Collector-to-Emitter Voltage: 

RE RN an plese cides sonsnacknctseeas couse daeliSaceontomesedaocbonacchSioosceoiat Vorv 60 V 

doh co 8 TN ea (Uc coven addsipisuitiseathaodnckcssansonivoienee se VcEO 40 V 
EMitter-TtO-Base Voltage  ou......cccccsccocsccsccsssccsssscessscsessccecvecsersoees VEBO 6 Vv 
aM NE METAL OTN obec scan ee siscsiesnecctnnccoacvestoasGoivssxonionsevessesecceecoeecooese Ic 7.5 A 
NaN MMI, 80 cya naepnnancoScnvbetihs srcsvdvsosecnnovdsvecsstacebegueeceséeceesse Iz 5 A 
Transistor Dissipation: 

ENED 9 Nice ass din Te <cucsedgt nts aus'chcsxeguocecesevojoetsioscevepsstiaccce Pr 150 WwW 

RA Be han Seo oe vk case sndy sessceareloviesosooceeenvsndeotooncivivesssneles Pr See curve page 112 
Temperature Range: 

RUM REAA RS, TAO UTICTIONN) ooo osccscccsacsocsssslunoseysanecunposanssecdcccscesoreneges Ts (opr) —65 to 200 Le 

SS a ae RIE te SP Oe I ale A Sn TstG —65 to 200 2C 
Lug-Soldering Temperature (10 S Max) oecieccccssccsscseee T (lug): 235 °C 
CHARACTERISTICS 
Collector-to-Emitter Voltage (Van = —1.5 V, ; 

os ed EST Pay tc ee eer ee ee SRP RO, Rr ht eee Very 60 min 
Collector-to-Emitter Sustaining Voltage ? 

eee, Ib a OY ess cen ncdasensseannanasnsancnsansuesionars Vcero (sus) 40 min 
Collector-to-Emitter Saturation Voltage: 

ee eaRMM Rl EPA 2, Lc cca vai canencnsancanconanvoiedeskedarsngeanneses Vcr (sat) 3.5 max 

ee ah A oss docaxcanssakacsdcdoasachandusnasaneansoccvnesenes Vcx (sat) 1.5 max 
Base-to-Emitter Saturation Voltage (Vcn = 4 V, 

re eR a ses cc ooh MZ s20 osc sacadas vanndsanecdaeserganenesanane Ven 3 max 


< <4 < < 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2338 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 


COLLECTOR AMPERES 


ie} 10 20 30 40 50 60 70 
COLLECTOR-TO-EMITTER VOLTS 92CM-II556T! 
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CHARACTERISTICS (cont'd) 


Collector-Cutoff Current: 


View = 0 BV BR Tet) OF STG S252 Cietariececccencncstscctvaccoccesteveseete 
Vent) 300V;.1n —-0) To =—)150°C 2.2 

Ya pe SP AT Ar Al Ia oe | Beas Aen We Beep Re poner I SR eR Sho 
Vcr = 60 V, Vaz = —1.5 V, Tc = 25°C 

Vcr = 30 Vaz = —1.5 V, Tc = 00°C 


V, 2 
Emitter-Cutoff Current (Ves = 6 V, Ic ) 
eae vara -Current Transfer Ratio (Vor =—wiAt Vi, 
Small-Signal Forward-Current Transfer Ratio 

(Meni 4 ave ici 0:5 . Aja te 1 KO/S) Aciccccecosttetcccees: 
Output Capacitance (Vcs = 40 V, In = 0, f = 0.1 Mc/s) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcr = 4 V,Ic=5A 
Collector-to-Emitter Saturation Resistance 

(Ic = 3 A, In = 0.3 A) 
Thermals Time? Constant) 4.20.2.icocccescsecsssccctccssecsssscdvsestcosssetessestes 
Thermal Resistance, Junction-to-Case 


POO S Teco Oeeeooes Ose e OSS O DEO ODEO ESOS OSOS OOOO ESE OSES USES SEDO OTT ESEEESEETEOUOSES 


Pecececevcsscsessesseceorccasese 
Poe emcee eee reser see edessssesesssesersseesesseeeesseseees 


Sececesesccccesessooeseeeees 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 
TYPE 2N2338 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (Vc¢)=4 


| ken 
2 ul 
rm CASE 
ce CURVE | TEMPERATURE (Tc)-°C 
BS 25 
as 
So 
sw 
xo; 
[o) 
we4 
Or 
OF 


2 4 6 8 10 
COLLECTOR AMPERES (Ic) 
92CS-11582T 
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IcsBo 
IcsBo 
Icko - 
Icrnyv 
Icry 
Izzo 


hrr 


hte 
Cobo 


fhte 


rc (sat) 
7 (thermal) 
@s-c 


TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT 


DC Collector Supply Voltage 
DC EBase=BiaS) “VOlLAGE Vio.cssicsreecocsesevvslascctecoosesostveesesescette one 
On DC Collector Current 
Arm =One DC (Base Current Mi tiiice..cscdecsstctccosscotesensstscdstonaceate 
Base-Circuit Resistance 
Collector-Circuit Resistance 
Turn-On Time 
Turn-Off Time 


2N2369A 


Poe er) 


POCO CEH HOHE EOE HOES OEOHOT ESOT OOOO ESOS EEE TET OEE OOOOES 


POCO OOO HOE HOH OEE ROO EH EO EEEE SEES HOS C ESET EE EH SER EHE SOS 


COOP CO Cerone oe ee ees Eee De DeEE OEE EEO SD EOHHDE ESET OHED 


SOOO OTERO SEED OSE SEES ESOS OSES SESE OO TT ESOS OSSEDESSOSESEESSE SST OSESOEEEESESES ES 


COPCROCOOEOESOOS ESTES OOO OST SOOO OO OS OSOS ESSE OD OS OOE TESTES DSTO OSES SESOSEEOEe 


Vcc 


0.2 max 
3 max 
5 max 
2 max 
50 max 
0.1 max 


15 to 60 


12 to 72 
600 max 


0.015 min 
0.5 max 
30 


1.17 max 


<Ic 


92CS-II125RI 


COMPUTER TRANSISTOR 


RRDDP rp dd 


Si n-p-n planar epitaxial type used for high-speed saturated switching in 
logic applications. JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 


2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 
LA (Up? to . 25°C 
EL Cpe UD ee LOv Pa. tec tecvccsnstedersvcteaote ces canes om Messen sat stereo nac ee eeeees 
TAROP LOPADOVERZD: Caterer tiie cece tee 
Temperature Range: 
Operating (Junction) 
SSTOLPA LS ee ercciecccctetertencoc cae etree eee ree eeeee co noascbecn ch teonsicecnscsctetens 


COR Reet eee eee e ee eee ee ee Ee ee ee eee see eeeeeesEeeeeeees 


COP O eee eee ee een eee ee ee eee EE eee eeH sees esse senses 


SOP O See eee eee eee eee eee eee sess eeSSeeESEe EEE OES SSEEeeeeD 


COSCO TSE E SEE EE ESSE TEES SEEE EEE EEE HSS EEEESSEEEHHEEEEE EEE OE EEEO ESOS 


POO COO HEHE HEE eO eee HHO EEE SEEEEEEEE EEE EEEESEEEHEEESEEEOE EEE EEOEEEEEee 


SOOO H HOOT HEHEHE TOE EHESOSEH ESOT ESE HEEE SESE ESEEEEEH SHEE ES 


Seer eeeessesseereseeeees 


Ty (opr) 
TstG 
Ae 


40 V 

15 V 

4.5 V 

0.2 A. 

0.36 WwW 

1.2 WwW 

See curve page 112 
—65 to 200 LG: 
—65 to 200 od 
300 a2: 
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CHARACTERISTICS ; 
oa Breakdown Voltage (Ic = 0.01 mA, 


TOO RRO TEER THOS STE EEES ESET OEEE SESE SOHO TOOT SESE SEES OEEE SHOE EN EES ESE OSSEEHESSS ES EO OEED 


errr E pRURP A ERB IDS — IO) ison coca ce sciedectahennethsiaesseninecoservesere 
ic = 

iaitactoichontniitier Sustaining Voltage 
een, in — 0, tp — 300 ws, Af: 22%) cass 

Collector-to-Emitter Saturation Voltage: 

Lor eA eet INA SA 25°C ooh... csecsdtese te 

Ic = 10 mA; In = 1 eA, 4 Wik foment Gl PAG © evden Wr ye IPR he Ra) 

Ic = 100 mA, In = 10 mA, TAs 2B Car oc sa eee 
Base-to-Emitter Saturation Voltage: 

PopeaeOrnrA wiin = LemA, Ta 25°C aks Bal fs 
Ape ee Sas SERIA TA RV 25 EC occ ccenncasencapacssnsn’e 
Ieee 10m A. Ine = 1 mA, At" —55 -C ices eae 
: Ic = 100 mA, In = 10 mA, Ta = 25°C is cbpessue ee 
Collector-Cutoff Current (Vcs = 2025) ei OF 
Tx =, 6450°C) 

Collector-Cutoff Current (Vce = 20 V, Razr = 0 
Pulsed Static Forward-Current Transfer Ratio: 
Ver = 1 V, Ic = 10 mA, Ta = 25°C, tp = 300 us, 

Na OM ee OCP Sabie wasn. oSdePboo evans cnsandonononsighwhsdndnoiesonaestaivocrke 

Vor = Sd Ic = 10 mA, Ta = —55°C, tp = 300 us, 

Ves = set Ic = 100 mA, Ta = 25°C, tp = 300 us, 
Small-Signal Forward-Current Transfer Ratio 

OVicn==s103V; Ic = -10 mA,<f. = 100. Mc/s: ......-....9.2.i. 
Gutput Capacitance “(Ves — Sav; Iz = 0, f = 0.14 Mc/s) 
Storage Time (Vcc = 10 V, Ic = 10 mA, 

Ini = 10 mA, Ise = —10 mA) 
Turn-On Time (Vcc = 3 V, Ic = 10 mA, 

pei paeIREN 52 V BHO ('OLL) =" 5-3 V)) oo ncsctbeccvencdactcstoelhastevscbanenes 
Turn-Off Time (Vcc = 3 V, Ic = 10 mA, 

In1 = 3 mA, Ise = —1.5 mA) 


FOO EE HHT H OTHE EEE DESEO DSO O ESSE EEO EE EOE EESEHEEE EHH OEE OEE EES ESE SESE SEH OES ES ED ESOS 


Seen eee eee ee eee eee ESET ESS HSE DEEDES DEEDES EOE ES EES EEE EEE EEE EEE ROD SESOEES 


eeescsececcs 


COCO eee e eee ee ee eee eee CE EEE EEO SEES EHS OOOOH EEE HH OOH SEEE STOO ESTEE OSES E SEES 


eee emer eer eeeeeserserenessasseeeseseeee 


POOP e rere rere ree reescesseressseceseesees 


POWER TRANSISTOR 


Vier) cBo 
V(BR)CcEs 
VBR) EBO 
Vcro (sus) 
Vcr (sat) 
Vcr (sat) 
Vcr (sat) 
VzE (sat) 
Vax (sat) 
Vex (sat) 
VzE (sat) 


IcsBo 
Ices 


’ hre (pulsed) 
hrs (pulsed) 
hrer (pulsed) 


hte 
Cobo 


ts 
ta + tr 
ts + tr 


40 min 
40 min 
4.5 min 
15 min 
0.2 max 


0.3 max 
0.5 max 


0.7 to 0.85. 


0.59 min 
1.02 max 
1.6 max 
30 max 
0.4 max 
120 max 
20 min 
20 min 


5 min 
4 max 


13 max 
12 max 


18 max 


2N2405 
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Pr ddd ddd < < < < 


= 


Si n-p-n triple-diffused planar type used in small-signal and medium-power 
applications in industrial and military equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage: 

Vez = — 15 V 

Emitter PRD T AM eee net ence Rag ars tc scan bate donators cscesvacEeesvascasnonscet 
Collector-to-Emitter Voltage: 

Rese = 500 

Per ORY ON OO. DO... Sree So a os 

ES ASC OPIOID, ova vscssesnseclsedscotenn-scteeLERS ee en 
PAEELOP tI ASE. WV OLLAZE <<... .c...5-,008eeciansot dren han tnibecsovereenbolenneoee 
Collector Current 
Transistor Dissipation: 

Sorbie fl ine) Slee] Gh dbgtie dn ieedy Aaa a He anon Enea i eobey PRESUME Ey 

JU Ties Sp ool Ha ntn At a Chapel Alcalde tol ihn a eo a RS 

CART Aree RUIO VES = OC. MESA S) ks hy; Access csascayscsuccaceontabiteceatbors 
Temperature Range: 

Operating (Ts) and Storage (TSG) ceeecccccccccccccessesseeeseees 
Lead-Soldering Temperature (10 S Max) oe... 


CHARACTERISTICS 


ee Breakdown Voltage (Ic = 0.1 mA, 
oS 
leads -to-Base Breakdown Voltage (Im = 0.01 mA, 
ae 
Collector-to-Emitter Sustaining Voltage: 
coe OO UMA, in 0, tp =" 300. us:: df == 1.8%) .2.....:... 
io ese-ina,-In-= 0, tp =-300- us; Gi = 1.8%. Min... 
Ic = 100 mA, Reet = 10 Q, tp = 300 us, df = 1.8% ..... 
Ic =.100 mA, Ree = 500 Q, tp = 300 ws, df = 1.8% .. 
Collector-to-Emitter Saturation Voltage: 
ee Meda ssi LEIA) Giivicsccvscasonesesncnsvevssovscucecscesoertares 
Nee Se MITES 5 OATS OS TRVA. 5. .csjscacsyervesoocccvoosesenhs covpesoretonts eee 


POPPER OR meee eee sere HHT EO OEE ESEEES HHS O HEHE TEETER HS SEE EE SOE ODES ESE OES 


POOR eee sree eee rene neces ese EEE SER EESEEE HHS EOS HE EHH EOE HOS OHSS ESET E SHEE ESSE ES ESE 


eee eee me esse ee eee eee eee eee eee SEES EEESES SESE SEEE ESOS SEES ESEEEE SEES 


ROOT THOR EHS OTH EH OEE EEE eH OOS Ee ESSE EEEE SEH EEE EHS EH SEH HEO HHS EE SESE EESEEEEOSEHESE 


SOPHO eee eee ee eee He eee eE SEBS OEE SES EEEEEH EEE HH EOE E HEE EEE HOSE EEEEe EEE EEE E ESTE EEEEES 


V (BR) CBO 
V(BR)EBO 


Vcero (sus) 
Vcro (sus 

Vcerr (sus) 
Vcrr (sus) 


Vcr (sat) 
Vcr (sat) 


© 
OF RAIS 


—65 to 200 
255 


120 min 
7 min 


90 min 
90 min 
140 min 
120 min 


0.5 max 
0.2 max 


Sa pd ed 


See curve page 112 


ae 
PC 


<q <<<c < 
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CHARACTERISTICS (cont’d) 


Base-to-Emitter Saturation Voltage: 
Ic = 150 mA, In = 15 mA 
Ic = 50 mA, In = 5 mA 

Collector-Cutoff Current: 


Vien: nO0 V0 lin =. 0,4 Tic) S= 2255 Con terete ca creree cree ence nes 
Vice =790°V Sin. =. 0, CRG" 150°C. sek acess 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) 


Small-Signal Forward-Current Transfer Ratio: 
Von = 5 iV; .ic,=>. 5 mA, 1 = 4 Ke/s 
Vcr = 10 V, Ic = 50 mA, f = 20 Mc/s 

Pulsed Static Forward-Current Transfer Ratio: 


Me — 10 V, Ic = 500 mA, Ta = 25°C, tp = 300 us, 
Eres N SO ears erecta i Ss Sea vo raga avabue ox bass IA Tee eal once oer eaneeee 
Vce = 10 Vs te = 150 mAA TA ==9255 Catps== 300 ms, 

CE cat SO. Bi NIRS Shah cover orcsepeen wets eevevencwh teeter 


Static Forward-Current Transfer Ratio: 
VcE ORVieelci=s10O-mAS TA =) 252€ 
Vce = 10 V, Ic = 10 mA, Ta = —55°C 

Input Capacitance (Ves = 0.5 V, Ic = 0) 

Output Capacitance (Vcs = 10 V, In = 0) 

Input Resistance: 

Vere Davao =) mA. to Kes 
Vicgs—s10eV. Lc —PoemA, te) 1 kc/s 

Voltage-Feedback Ratio: 
Vcapt—soeVeelo Sa emAV ts ke/s 
Vicn 10) Ve ceo mA te beke/s 

Output Conductance: 

Vcs PeVe lec = IimAyte—fiake/s 
Vcps L04V lo = 5 mA; t= 1 -ke/s 


PPeeeeee eee ee reese rere tee 


PreeeeTer Terre errr r reer ee errr rere r sre) 


Preece eee eee ee 


Prreeer rere eee 


eee eeeeweceeseeeeeeeesens 


eee eeneeeeeeeeerneeeeee 


eee eeereaeeesereeeeee 


Prerrre reer rere) 


Peereeee errr eerie rer errr errs 


rereree errr eee rrr 


ee eee ence eeaserneeeseeeseeee 


Seem ee ee ee eereeraseesseeeee 


Ae e cere ereseesaeeeseeeeeeee 


eee eeeeeeeaeeeeeseseeeseeee 
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aa VBE (sat) 1.1 max V 

uM VBE (sat) 0.9 max Vv 

“A Icso 0.01 max pA 
Icgo 10 max pA 
Izso 0.01 max LA 

Ba hte 50 to 275 

ee Hite 6 min 

os hrs (pulsed) 25 min 

a hre(pulsed) 60 to 200 

ae hre 35 min 

S hres 20 min 

oss Cibo 80 max pF 

& Cobo 15 max pF 

ne hip 24 to 34 ‘@) 

a hib 4to8 Q 

~~ hrb 3 x 10-4 max 

Soe hrb 3 x 10-4 max 

= Nob 0.5 max umho 

# Nob 0.5 max umho 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2405 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 


COLLECTOR MILLIAMPERES 


x 


10 20 30 40 50 60 70 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N2405 
COMMON—EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TE 

TURE = 25 


COLLECTOR MILLIAMPERES 
RATIO (hFEe) 


DC FORWARD-CURRENT TRANSFER 


: 13 1S 
BASE-TO-EMITTER VOLTS 
92CS-IIe5TI 


80 
COLLECTOR-TO-EMITTER VOLTS 


90 100 10 120 


130 
92CM-11647T 


140 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPE 2N2405 
COMMON -EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (Vo¢)=!0 


| I 10 100 
COLLECTOR MILLIAMPERES (Ic) 
92CS-11648T 
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CHARACTERISTICS (cont'd) 
Noise Figure (Vcr = 10 V, Ic = 0.3 mA, f = 1 kc/s, 


Hae—s 0000,, circuit. bandwidth, = 15. ke/s). ......::.:...... NF 
Thermal Resistance, Junction-to-Case o.......eeeesseeseseeees Os-c 


Thermal Resistance, Junction-to-Ambient .................0.... Os-A 


COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used in very-high-speed switching applica- 
tions in logic circuits in military and commercial data-processing equip- 
ment. Similar to JEDEC TO-18, Outline No.9, except has minimum case 
height of 0.100 inch. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


6 max 
35 max 
175 max 
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dB 
°C/W 
°C/W 


2N2475 


COlPECLOR=LO=E ASE 5 VOILA) f...cscciscsessssesesosecsccccccessoccadessocsdcodcose Vcxso 15 V 
CollEctor=tO-Emitter.- Voltage viscccccccccccvcccsccccsscsssseccdesvosoeeeevone VcEO 6 WA 
MMMECECTHEEO=BDASC VOltASE © ..c...ck.iiccsccccccevscsoccscncssvsoeditk hcvessccosees VEBO V 
AE GRECO Fm CULL CIN Ge cosssvcieevcvvcqan tadsti este vovescaveevtouosadelececsitucessscscousesd> Limited by power dissipation 
Transistor Dissipation : 

PU PAMMUL SRE Omg Coe us0A. . Segi- scare tects onesies cosevsnseacove soscsvenitveiteessveususctotes Pr 0.3 WwW 

Paste MAUTIN MNT ORME OC recccsceseccssccgecdat tte ccsvssscccchecscsscececessncscae i scadeessrsees Pr 0.5 WwW 

TA-above 25°C or Te above: 100°C. o.....c......sccscsesesecocceeesae Pr See curve page 112 
Temperature Range: 

PACE AGITA MENG UITICUION) © Sasncccceet os sgcsacescebaeecs wn snsacoaccsecheceociccsicetes Ts (opr) —65 to 200 2G 

SHOE ELIS | Sk BARR Scans ree a SE Sa TstG —65 to 200 4C 
Lead-Soldering Temperature (10 S Max). oes ceecceeeeeee TL 300 Xe 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 10 nA, 

BUG eeROD RCO aha sore oes cna vo esun Cotes ches occ cacnsouy oa detench sob Oacs Guavenscnetecsad VBR)CBO 15 min V 
Emitter-to-Base Breakdown Voltage (Iz = 10 wA, 

IRC SSS sepia GS, aor al ee ee a SS nae | oo a Oe VBR) EBO 4 min Vv 
Collector-to-Emitter igprtaat Voltage (Ic = 10 mA, t 

ee O etnies CO0i MS, Gf. 2%). isesie Se psectenontcoeeeeeee en Vcero (sus) 6 min V 
Collector-to-Emitter Saturation Voltage 

Cet — e20envAgiin) == O.66sMA) eee a Sk Ae Vcr (sat) 0.4 max V 
Base-to-Emitter Saturation Voltage 

cee Oat let —— 0:66 INA)! fiiciccsclsisocssssessesovepasssenttnctetons Vex (sat) 0.8 to 1 V 
Collector-Cutoff Current: 

eee Ales 0, EDA 8 25 OC Sen secvenvesseasncpedvanatotessavins IcBo 0.05 max pA 

Peer wwe ein — 0, TA a 150°C 2 ree inctehe IcBo 5 max LA 
Static Forward- Current Transfer Ratio: 

Were —a Otome Vi kCr =: 50 MMAGAT A 252°C. cc cicstscocscccccseoves hre 20 min 

ice —mOraeaven Cs ZONA ET A = — 55° Ci cnsissscovseonvevonsdee hre 15 min 

Wich —sO-seweelc =—20° MA. Tao 925°C... cialis ieoese hre 30 to 150 
Small-Signal ADS lasses Current Transfer Ratio 

(Viehe—a2e Ve le —- 20° mAs sf — 100) Mc/s) s2...tk ce hte 6 min 


DC FORWARD- CURRENT TRANSFER 


RATIO (hee) 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 
TYPE 2N2475 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (Vc_)=! 
FREE -AIR TEMPERATURE pp 


4 6 819 2 4 6 8100 


COLLECTOR MILLIAMPERES (Ic) 
92CS-II73IT 
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CHARACTERISTICS (cont’d) 
Turn-On Time (Ic = 20 mA, Ini = 1 mA, 


Test le SAZ AV GG), 24 B.S AVA eo cisscccacrvcctececet teat Meebek scutes ta + tr 20 max ns 
Turn-Off Time (Ic = 20 mA, Ini = 1 mA, 
Tipp ea eS aT ARV 8G c= ASB AVE): ceccspeareoncheverarsatncce eee etaees ts + tr 15 max ns 
2IN24/6 COMPUTER TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used in core-driving and line- 
driving applications where high switching speeds at high current are pri- 
mary design requirements. JEDEC TO-5, Outline No.3. Terminals: 1 - 
emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS | 
Collector=tO=Base “VOltASC, - ectecsssesctieccncccctntereedacatte cen cneettesiees Vcso 60 


Vv 

Collector-to-Emitter Voltage VcEo 20 Vv 
Emitter-to-Base Voltage .......... VrEBO 5 Vv 
ColleclOLM Current Aer. cote atee ae dietiee eee es Limited by power dissipation 
Transistor Dissipation: 

TERME Ce a Re ds tray tease scnecsuavatugsasgace laced pion cmmencecs eaten aeeteeet Pr 0.6 W 

EC MUD eRLOwe once sted saat icessectatecctlec areaust tice ceereen ronan ane Pr 2 WwW 

EAS OD LG ADOV GC * Oo) 5 Co te tere Seats satescccntouctesstaneccdpoceeetresatineseceees Pr See curve page 112 
Temperature Range: 

Operating FCI UNCON) Be eecettecccososescrere rere ereene esac Tz (opr) —65 to 200 RC 

S COTA IE, cae eee aac cca ae eae da hae destatctes tots es acetone eave cae westaatereeess TstG —65 to 200 LG 
Lead-Soldering Temperature (10 S MAX)  ....c ewes Abie 300 a 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 10 wA, 

1 find US) np are aa a a oe ROM OR As PSS Mahe 6 Boren Aan Ver) cBo 60 min Vv 
Collector-to-Emitter Breakdown Voltage 

(Tot 50" mA In-— 0; te =: 400 pws, df= 3%) mate. VBR) CEO 20 min Vv 
Emitter-to-Base Breakdown Voltage (Iz = 0.1 mA, 

ba ail UB ree Rip i etl Si, Sa Ge a, Se Ss BT al et V(R)EBO  5min V 
Collector-to-Emitter Saturation Voltage 

Tet F150 mi Ad Te 7k ALE aib ccdomertesrenicanseosoteesdethactpaanenvas Vcr (sat) 0.4 max V 

Ton SOORHTASP IR f= SOP VANE i occ eecteccrstencccaeiteee rere oresentes Vcr (sat) 0.75 max Vv 
Base-to-Emitter Voltage (Ic = 150 mA, Is = 7.5 mA) VEE 1 max V 
Collector-Cutoff Current: 

Vics so 0nVis: lin 20) 0s 5’ Cae ate eee eee Icso 0.2 max LA 

Ven =fo0eVe le 308 Th S508 C Re nie ee IcBo 200 max pA 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) «uu... Izso 100 max LA 
Static Forward-Current Transfer Ratio 

CV.GH i= =80:4- Ve Tot ==".150 mA) oe eet eee hrp 20 min 
Small-Signal Forward-Current Transfer Ratio 

(Ven = 10> V,41op==250i mA, £4100 (Mess) tenes hte 2.5 min 
Output Capacitance (Vcs = 10 V, In = 0, 

fs OL 4 AIM CAS artic cous tata cence itennss Seats oa spat oenec cess tierensos eae ees Cobo 10 max pF 

TYPICAL DC FORWARD-CURRENT TYPICAL TRANSFER CHARACTERISTICS 


TRANSFER-RATIO CHARACTERISTICS 


TYPE 2N2476 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tea) =25°C 


TYPE 2N2476 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
13 FREE-AIR TEMPERATURE (Tea) = 25°C 
*~|BASE MILLIAMPERES =I, 


- EMITTER VOLTS (Vpp) 
= ie 


° 
wo 


DC FORWARD-CURRENT TRANSFER 
RATIO (hee) 
BASE-TO 


0 100 200 300 400 500 600 700 800 900 
COLLECTOR MILLIAMPERES (I¢) 
92CS-II767T 


COLLECTOR MILLIAMPERES (Ic) 
92CS-II76IT 
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CHARACTERISTICS (cont’d) 
Storage Time (Vcc = 6.4 V, Ro = 40 Q, 


In1 = 15 mA, Ise = —15 mA, Ic = 150 mA) 
Turn-On Time (Vcc = 6.4 V, Ini = 15 mA, 


Ine = —15 mA, Ic = 150 mA 
Ing = —15 mA, Ic = 150 mA) 


TYPICAL DELAY-TIME AND RISE-TIME 
CHARACTERISTICS 


TYPE 2N2476 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR MILLIAMPERES (I-)=|50 
LOAD RESISTANCE (R_)= 40 OHMS 
FREE-AIR TEMPERATURE (Tra)=25°C 


Meson 


DELAY TIME (tg) OR RISE TIME (tr) —- 


6 8 10 12 14 16 8 
TURN-ON BASE MILLIAMPERES (Ip,) 
92CS-II762T 


COMPUTER TRANSISTOR 


Turn-Off Time (Vcc = 6.4 V, Is: = 15 mA, 


Oeeseeosccvecvoocces 


easessebeces ts 25 max ns 
eta cae en ta + tr 25 max ns 
ier Retna ts + te 45 max ns 


TYPICAL STORAGE-TIME CHARACTERISTICS 
TYPE 2N2476 


COMMON-EMITTER CIRCUIT, BASE INPUT. 


® | COLLECTOR MILLIAMPERES (I¢)=150 
z FREE-AIR TEMPERATURE (Tea)=25° C 
030 

1S) 

WJ 

” 

So 

Zz 

S 

20 

z; 

uJ 

= 

| cod 

1 10 

oO 

<< 

a 

se 

n 


5 10 15 20 
TURN-OFF BASE MILLIAMPERES (Igo) 
92CS-11769T 


2N2477 


Si n-p-n double-diffused epitaxial planar type used in core-driving and line- 
driving applications where high switching speeds at high current are pri- 
mary design requirements. JEDEC TO-5, Outline No.3. Terminals: 1 - 
emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N2476 except for its switching characteristics and the following items: 


CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 


PGe err DOo mA, + 1s 28.75 (MA. net ieccccdeenasacte 
loa DOO MA Ip = SOMMAS cs iiikicccscddeon 
Base-to-Emitter Voltage (Ic = 150 mA, Is = 3.75 mA) VBE 


Static Forward-Current Transfer Ratio 
(Vcz = 0.4 V, Ic = 150 mA) 


TYPICAL OC FORWARD -CURRENT 
TRANSFER -RATIO CHARACTERISTICS 


TYPE 2N2477 


DC FORWARD-CURRENT TRANSFER 
RATIO(hFE) 


le) 
COLLECTOR MILLIAMPERES (Ic) 
92CS-II756T 


Coes eeeescercrresseeoecs 


beso bE Vczx (sat) 0.4 max V 

AAS SA OR OTE Vcx (sat) 0.65 max V 
0.95 max V 

sithsestesttorene here - 40 min 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N2477 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (te a)=25°C 
BASE MILLIAMPERES =I 


BASE-TO-EMITTER VOLTS (Vgpr) 


oo 600 800 
COLLECTOR MILLIAMPERES (Ic) 
92CS-II759T 
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2N2613 
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TRANSISTOR 


Ge p-n-p alloy-junction type used in small-signal and low-power audio fre- 
quency applications. It is a low-noise type for use in input and low-level 
stages. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - 


collector. 
MAXIMUM RATINGS 


Collector-to-Base Voltage ..........cccsssssecsseccesssssseees 
Collector-to-Emitter Voltage (Raz = 10 kQ) 
Emitter=to=Base'V Olta ge? xiii ics iteccecsstshevcssvssccscveces 


Collector Current 


BYMIG(EL eS CULTONE [ascsssceccsctstccstacthocrocecicrsbeccetetedieacecess 


Transistor Dissipation: 
Ta up to 55°C 


Me 2 ayoh ig siicps ts hm Os giane ee eur cir eran Pee aR lee 


Temperature Range: 
Operating (Junction) 
Storage 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage 
Var = 2 V, Ic = —0.05 mA) 

Collector-to-Emitter Breakdown Voltage 
(Rsz = 10000 Q, Ic = —1 mA 

Emitter-to-Base Breakdown Voltage 
(Iz = —0.05 mA, Ic = 0) 


TYPICAL NOISE- FIGURE CHARACTERISTICS 


TYPE 2N2613 

COMMON -EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tra)=25°C . 
REFERENCE FREQUENCY=! kc/s 
GENERATOR RESISTANCE=I000 OHMS 
CIRCUIT BANOWITH 21.1 kc/s 


NOISE FIGURE- dB 


=| -2 -3 
COLLECTOR MILLIAMPERES (I,) 

Oo -- -2 -3 -4 -§ 6 - 

COLLECTOR-TO-EMITTER VOLTS (Vc_) 

; $2cs-11857T2 


TYPICAL COLLECTOR CHARACTERISTICS 


COLLECTOR MILLIAMPERES 
' 
ES 


eocecsees 


POPC eee CESS OEE EE OS ESET E SOS OSEE ESOS ESSE SESS SSES SESE SEES EDOUSEEH EOE OEE® 
CORR RTOS Oe eT HE TE TEE OEE THEE ESOS EEES OOH ESEE ESSE EEEEES 


Pee eee reese sens eees assesses seer eses sees 


POCO OOOO HE OOO CREE ODES ESET SOOT OSHS DEST EEE OTSO DOSS SOES OSHS SESS OEED 


Pee eeeereeeeressereceee 
Ceereeeeereseseroens 


Pee eeeereseeeeeeeeeresesceneees 


BASE MICROAMPERES ae 


=T, 478 (=9 =O 
COLLECTOR-TO-EMITTER VOLTS 


o -| -2 -3 -4 -5 -6 


TYPE 2N26I3 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
-}o- AMBIENT TEMPERATURE =25° C 
COLLECTOR-TO-EMITTER 
VOLTS =—4 


COLLECTOR MILLIAMPERES 
i] 
on 


0 -50 -100 -I50 —200 —250 
BASE-TO-EMITTER MILLIVOLTS 
92CS=-11842TI 


TYPE 2N2613 

COMMON-EMITTER CIRCUIT, 
BASE INPUT. 

AMBIENT TEMPERATURE = 25° C 


S2CM— l18S4T 


Vcso —30 V 

VcER —25 V 

VEBO —25 V 

Ic —50 mA 
RRR Ae Meets Iz 50 mA 
525 Bie te Sea Pr 120 mw 
MES ee ee Pr See curve page 112 
Nias Maseettcedeees Ts (opr) —65 to 100 eC 
pet atti abet TstTcG —65 to 100 43 
nt SI ta Ver) CBy —30 min V 
sears, ape VBR) CER —25 min V 
cevdecthtostins aban V(BR)EBO —25 min 

TYPICAL TRANSFER CHARACTERISTIC 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Collector-Cutoff Current (Vcs = —20 V, In = 0) 
Emitter-Cutoff Current (Vrs = —20 V, Ic = 0) 
Intrinsic Base Spreading Resistance 

(Vcomp = —4.5 V, Ic = —0.5 mA, f = 20 Mc/s) 
Collector-to-Base Feedback Capacitance 

(Vcr = —4.5 V, Ic = —0.5 mA) 
Small-Signal Forward-t Current Transfer Ratio 

(Vcn = —4 V, Ic = —0.5 mA, f = 1 ke/s) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcr = —4.5 V, Ic = —0.5 mA) 
RMS eS Input Current (Equivalent) 

( —4.5 V, —0.55 mA, Rez = 

fis "20 ae MINCED tsthetsi ct ctrvacesbdovne owe do¥aupnstic iced sbardessseucososidoeecty 
Noise Figure (Circuit bandwidth = 1.1 kc/s, 

(Vcz = —4.5 V, Ic = —0.5 mA, Re = 1000 Q, 

MI Baad scen ac ack necas dewvsien danas nbwscdacencesansincnséhnsvodéceece 


eecoceee 


eeeccees 
eeececcereces 
POC e cee eeerereererecesreceeeecenscesees 
Coecccscscrccccccoes 


epevecesoocccoos 


TRANSISTOR 


2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .0.........cccccccsssscssssessssccsssccsssssscssesescees 
Collector-to-Emitter Voltage (Rgr 
Emitter-to-Base Voltage 
Collector Current 
Emitter Current 
Transistor Dissipation: 
Ta up to 55°C 
SEIS SS (ot Caine 
Ta or Tc above 55°C .... 
Temperature Range: 
Operating (Junction) 
Storage 


POS eerreaeeereceseeorcecceeoseoseeeeseseseee 


Ce eecccaeoccsceccevceseresereseeeees 


Coe reeccosesscsesoosesseseseseeeeeees 


PRPC COTES HOOSHEOO EERE EOEHOSEOOEEOO EEE SHOE TEER SOOSSSESEESDOSSO ESOS SOE® 


POCO SESE O HOSED OOELET TOO ETO LOEEEE HOE OES ESOS OOOO OOS ESEEESESOOEEES 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage 

ay TESA ITY) i.e a vcacenacevens soecdocccendevencone 
Collector-to-Emitter Breakdown Voltage 

(Ic = —1 mA, Rese = 10 kQ) 
Emitter-to-Base Breakdown Voltage 


SOOO OP Oe eee e Oe eo eereoesosereesooeeseseeeeeO® 


OB er TTUAN LO = 50) aso ca secesdecncnvcsccndcnecosecenansoaccennesases 
Collector-Cutoff Current (Vcs = —20 V, ae = 0) 
Emitter-Cutoff Current (Ves = —20 V, =O) Rete: 


Small-Signal Forward-Current Transfer Ratio 
(Vczr = —6 V, Ic = —1 mA, f = 1 kc/s) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Vcr = —6 V, Ic = —1 mA) 
Collector-to-Base Feedback Capacitance 
(Vcz = —6 V, Ic = —1 mA) 
Intrinsic Base-Spreading Resistance 
(Vczk = —6 V, Ic = —1 mA, f = 20 Mc/s) 


Cececcesecosccscosss 


Pee eee ee ereesecerssaseereasceessseeeseeeee 


eeecressceessees 


TYPICAL TRANSFER CHARACTERISTIC 
TYPE 2N2614 


COMMON-EMITTER CIRCUIT, BASE INPUT. 


c) 


o -50- AMBIENT TEMPERATURE = 25° C H 
ir ” 
o aw 
= -40 TY] 
< $-40 
2 < 
= -30 S| 
7 = 
© -20 a 
w 2 
+ oO 
ro) YY) 
o 710 4 
re) 
oO 


BASE-TO-EMITTER MILLIVOLTS 
92CS-1843TI 


Tz (opr) 
TstG 
‘Tr 


VR) CcBY 
VeR)CER 
VBR) EBO 
Icso 
InBo 

hte 

fhte 

Cb’ec 


Ybb’ 


TYPE 2N26/14 
COMMON-EMITTER CIRCUIT, BASE INPUT. 


FREE-AIR TEMPERATURE (Tra)=25°C 
COLLECTOR-TO-EMITTER VOLTS (Vog)=-6 


50 -100 
BASE MICROAMPERES (Tg) 


—5 max 
—7.5 max 


300 

10 

120 min 
10 


0.001 max 


4 max 


2N2614 


Ge p-n-p alloy-junction type used in small-signal and low-power audio fre- 
quency applications. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 


dB 


—40 V 

—35 V 

—25 V 

—50 mA 

50 mA 

120 mW 

300 mw 

See curve page 112 

—65 to 100 LG: 

—65 to 100 ZC 

255 te 

—40 min V 

—35 min V 

—25 min V 

—5 max pA 

—7.5 max uA 
100 min 

10 Mc/s 

9 pF 

300 Q 


-|50 


-200 


92CS-1185iT2 
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TYPICAL COLLECTOR CHARACTERISTICS 


-50 
TYPE 2N2614 
COMMON—EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 


-40 
g IA 
ae 
Ea 
#4 
e a7 call 
ee 
ry tt Et LL | I eae’ wuttampere: 
(6) -2 -4 -6 -8 -10 -1l2 =-14 -I6 
COLLECTOR=TO-EMITTER VOLTS 92CM-II836T 
2IN2631 POWER TRANSISTOR 


Si n-p-n triple-diffused planar type used in large-signal vhf applications 
such as AM, FM, and ew service at frequencies up to 150 Mc/s in indus- 
trial and military equipment. JEDEC TO-39, Outline No.12. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N2876 except for the following items: 


MAXIMUM RATINGS 


Colleetore Current yy So icocsvvecsercccscacoccsccvecacdeccerscccssacovcccsesconecsassave Ic jigs A 
Transistor Dissipation: 

PTO TAD. Us Ag Cian occoccesvacencccuscetsosnonccepsssaseassssnasscesivacvedecetsonstoseostce Pr 8.75 WwW 
Lead-Soldering Temperature (10 S MAX)  ...... ee eeseeee TL 230 cS 
CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(Tos =A AS Tp =; OSB AY Se Se casts cosececce gscecsesaceresterscee neers Vcxu (sat) 1 max V 


RF Power Output, Unneutralized 
(Vcn = 28 V, Ic = 0.375 A, Pir = 1 W, 
Fv IMIC/S.) Wer teeeree cede tackvscniecaeviteconstewonsanantecdte toWeeasenntortecesets Por 7.5 min WwW 


TYPICAL OPERATION CHARACTERISTICS 


TYPE 2N263l 
COMMON-EMITTER CIRCUIT, BASE INPUT. 


SAFE OPERATING REGION 


TYPE 2N263] 


06 BIAS POINT MUST BE IN REGION "A" TO AVOID | COLLECTOR-TO-EMITTER VOLTS (Vcg)= 40 
SECOND BREAKDOWN DURING CLASS A <q  |CASE TEMPERATURE (Tc)= 25°C 
% / OPERATION, = 
= 0.5 -— 
= 
See SN NR g 
204 S 
go alee Nel tal es 2 
a na : 
at ro) 
- 
=~ 0.2 ox 
fo} Ww 
° > 
0.1 3 
Ww 
x 


0 10 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 30. 40 50 60 70 8090100 150. 20C 


92CS-12039T 
FREQUENCY — Mc/s 


2N2708 TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used in rf amplifiers, mixers, 
and oscillator circuits for vhf and uhf applications (200 to 500 Mc/s). 


\ 
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JEDEC TO-72, Outline No.23. Terminals: 1 - emitter, 2 - base, 3 - collector, 


4 - case. 
MAXIMUM RATINGS 


Mellector-t0-Base - Voltage  - ...:.:........ccssevecoodecersees 
Collector-to-Emitter Voltage .o.....cccccccecescesseeeees 
Emitter-to-Base Voltage .........ccccccccccsccsssccesssseeees 
RPE COE BO RIELOING oh. chdecscdisscobcstacaccecossccotecckseadoudWeccsce 


Transistor Dissipation: 
Ta up to 25°C 


Temperature Range: 


RBC MERE PO RRPRATICUION ) © oo.vooo oo oe.sosaccctecockacsdghooiaceet 
Sena MERE 0805 SNES, cscs cocecneuadocucestessieotasessecdesie’ 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage 
(eva pA., ie. = 0 
Collector-to-Emitter Breakdown Voltage 


(ic 2mA,cIs.— 0, tp ='300_ ys, df = 1%) 


Emitter- to-Base Breakdown Voltage (Ip 


Collector-Cutoff Current: 


WAS 2 Ve SS 0 Ie t R Igf thay Gs ae 
Nene iorv.. iwy—)0,- Ta =! £50°Cam Ak. 


Pee e eee ere seer eeer esse ee eeeeesceeeeeseereseeeseeee 


SNE MN Nooo eros doa xs Saco sickle dekon coenaciivadovwe: 
ONS RAO VES 255 °C. iio cvaencssstebeccavvececcotdccsos 


Se mee eee eee e es ee rere ens eweeeeneereseeees 


10 wA 
ra A ee NR ARS a A tet ee : 


Static Forward-Current Transfer Ratio (Vcr = 2 V, 


Ic = 2 mA 


Small-Signal Forward-Current Hoeuster Ratio: 
Mowe Lo V, lc — 2 mA, f — 1 keé/s!...cdd...; 


Vem =ObSivV, Ic = 2 mA, f= 100 Mé/s 
Input Capacitance (Vex =<0:5¢ V;. Fo. =0; 


Ta EGS) iy do ciesn sects ca 5s0is Locgwisiensedudedheostecosateadl 


Output Renee nce (Von —315 V,\ In.==.0) 
f = 0.14 Mc/s) 


Collector-to-Base Time Constant (Vcs = 1. 
Ree eevee, VE 31.9 Mey). i.civiecdeiavcrsveviecs 
Small-Signal Common-Emitter Power Gain: 


(In. neutralized emphier) 
Voto w15:.V ; 
(In ieaaedtialived amplifier) 


Vez = 15 V, Ic = 2 mA, f = 200 Me/s 
Small-Signal Transconductance (Vez = a= LoaVS 
iter ee L200 ~ MIC/S ol .ccesecpcvcsssscsnstvccceses 


Noise | Figure: 
Ver = 15 V, Io = 2 mA, Rs = 50.9, 


= 200 «gal eee atlases inteparchc sv cetaesen Heesana 


TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


TYPE 2N2708 

16 COMMON-EMITTER CIRCUIT, BASE INPUT, 

SHORT-CIRCUITED OUTPUT. 
FREQUENCY =100 Mc/s 


© 14 COLLECTOR-TO-EMITTER VOLTS 
- (VcE) = 4 
a. |FREE-AIR TEMPERATURE (TFA) = 
> ®10 
Oo - 
oT md 
a= 
qo 
Z2i0 
cd 
pe 
wal Be 8 
oe 
=e 
mah 
M4 
a ol 
a 4 
= 
” 


9) 5 10 15 20 2D 45,90 


COLLECTOR MILLIAMPERES (Ic) 
92CS-11940T 


PROC eee ee re reser cere seses ese rereeees sees sess eeeeesesesseense® 


Poem e oes ec rer reccescee ee eeeseneeeinessseseeessecnetes 


2 mA, f = 200 Mc/s 


FORWARD TRANSFER CONDUCTANCE (g¢ 9) 


= Dat eee nes Vcso 35 V 
hayes oS VcrEo 20 V 
cae Sa Oe SU VEBO 3 V 
Wesbarnaredobetates Limited by power dissipation 
Se Eat ie Pr 0.2 W 
POT, Ge ie ene Pr 0.3 WwW 
Wetec caheane Pr See curve page 112 
Eb, eae iret aes Ts (opr) —65 to 200 AS 
Bites eeeeine th ame TstG —65 to 200 Ls @y 
(oda ee re ae hae Th 230 °C 
Pee nee nea, VBR) CBO 35 min We 
Fo eactathaato Ver)ceo(sus) 20min V 
ee ENE V(BR)EBO 3 min V 
ae Seles Icgo 0.01 max pA 
ed BAG AS Icso 1 max wA 
AMER. by NTE SS hrr 30 to 200 
ee BOR! hte 30 to 180 
Wéviebrlea'ededeecvlces Nte 7 to 12 
eeeccceveccccccccee CS ibo 1.4 pF 
de scaddeatectesete Cobo 1.5 max pF 
Bedi esacace see Yrpv’Cc 9 to 33 ps 
Ae een TS AE) Gpe 15 to 22 dB 
eM Rae AteS Gpe 12 dB 
micawedusasbiesents Zme 25 mmhos 
Bea AUR ME ea NF 7.5 max dB 
Sit An hn beste NF 3.5 dB 


TYPICAL SMALL-SIGNAL FORWARD 
TRANSFER CONDUCTANCE AND 
SUSCEPTANCE CHARACTERISTICS 


TYPE 2N2708 
COMMON-EMITTER CIRCUIT, BASE INPUT, 
SHORT-CIRCUITED OUTPUT. 
COLLECTOR-TO-EMITTER VOLTS (Vcg)=15 Ml 
COLLECTOR MILLIAMPERES nts 
FREE-AIR TEMPERATURE (Tea)=25°C 


| 

NeBt Lis soot fos BUTT 

ot AAA oe 

CEE 
PLT ee 


MYL a 


° 


ot NLT 
BUMS Baia 


re) 2 4 6 8100 2 


FREQUENCY —Mc/s 
92CS-11938T 


OR SUSCEPTANCE (bfe)——MILLIMHOS 
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UHF TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used in low-noise amplifier, 
oscillator, and converter applications at frequencies up to 500 Mc/s in a 
common-emitter circuit, and up to 1200 Mc/s in a common-base circuit. 
JEDEC TO-72, Outline No.23. Terminals: 1 - emitter, 2 - base, 3 - collector, 


4 - connected to case. 
MAXIMUM RATINGS 


CollectOr=stO=Basemy Olta Ge aceresc.cccescssccssseveessvcctsnscoeccocsesessncvaneses VcsBo 30 V 
Gollector=to=Bimiittera nV OLA LC witeccrciaeasseecenntess-0e-s ence scene sen-sveeens VcEo 15 V 
EmMitter=tOs base O1TA GC) 1 ocloitersasecsscsectcescetivonssseococesonasasoaess VEBO 2.5 Vv 
WOH ESCTOMMOULTT ONE De crererriieeteedcoustticteenseosses svsessccsrecscsccceessesesevecseceea Ic 20 mA 
Transistor Dissipation: 

PPA UM LOny as Cote con ceche cn ogaster eee terete tvetctecge vu ace -Resueds Ma conswegsosstsine Pr 200 mW 

FE Ga UD! COM Ds Cre crs crecasctecstecernsertoccencstoeneetostecensotrsocasetesercctts Pr 300 mW 

TPA OL CLO ADOV Er 2 Cv cadiccacestiectesacaccbavsocsseusestuadionseddecoectetecene Pr See curve page 112 
Temperature Range: 

Operating > CU UMC HON Fir cial sevstececaaeesceurceysys cascenceesocs<oeiecenemense Ts (opr) —65 to 200 sc 

S tora COURS Fee ALAR EE ERP te aseewadaancscnsepevasdserte eee eneemeaeeasneees TstG —65 to 200 cc 
Lead-Soldering Temperature (10 S Max) ........ eee Abe, 230 6 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.001 mA, . 

Bo ie==ih (1) kien oe Se eee eee ly | ates, Sr Sm el er VBR) CBO 30 min V 
Collector-to-Emitter Breakdown Voltage (Ic = 3 mA, ‘ 

Tas he Oe ase wae eschew ee crates sca tncn tae death isso hese cacoteeeaes eres OS VBR) CEO 15 min V 
Emitter-to-Base Breakdown Voltage (Im = 0.01 mA, 

A Referens hse Bicone eRe i Pee eee eRe ae ten Peer rrr Peres V (BR) EBO 2.5 min V 
Collector-Cutoff Current (Vcsp = 15 V, In = QO) .......:. Icgo 0.01 max uA 
Static Forward-Current Transfer Ratio (Vcn = 1 V, 

aS TV AL) is eo eee seat sscccuan ecco teees eta eecatte settas coer en samc atee hre 30 to 150 
Small-Signal Forward-Current Transfer Ratio:* 

Vicpt=s 6. aVi9l6e = 15 mA. t —- 100. Me/s" 4.2 hte 10 to 19 

Niche 6a Vi elos—s2em At time) KC/S Fictle scssesptosseesscvecs ones hte 50 to 220 
Input Capacitance* (Ves = 0.5 V, Ic = 0, ; 

Oe AQIS MICS) I eactecceetccctoca assess otoccees cbtecsssnscscsectodsalesosctsos Cibo 1.4 pF 

Output Capacitance: 

VCE Os Venki, 1 Os te — 0 LAO ICIS cro cscs .ceseretteccaeeteceecess Cobo 1.37 max pF 

Vice = slOVG lm —_0,- fe 05140 IMCL Siicsesccsece..cortcrteesenuces Cobo 1.8* max pF 
Collector-to-Base Time Constant} 

Wictnw—n OM Vinel Gas ef = SU 9eMCLS oer eetecscceceskcccsestascsveness® rp’Ce 4to15 ps 
Small-Signal Power Gain, Neutralized Amplifier 

Viens—s6) NV, olov=. 1 Som Asp fe 450 (MC/S. ciiic.cccreseostuconeos Gpe 12.5 to 19 dB 
Power Output, Oscillator Circuit 

Vcs = 10 V,-Im = —12 mA, f = 500 M/s ..............000000 Poe 30 min mW 
Noise Figure:{ 

Vien = 6 V,.Ic = 1-5 mA, Re = 50 ©, f = 450 Mc/s 2. NF 4.5 max dB 

Vcn = 6 V, Ic = 1 mA, Re = 400 OQ, f = 60 Mc/s ..... NF ve dB 


* Fourth lead floating + Fourth lead grounded 


TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


IGE TYPE 2N2857 
COMMON -EMITTER CIRCUIT, BASE INPUT ; 
OUTPUT SHORT-CIRCUITED. 
14; FREQUENCY (f) =|00 Mc/s 
COLLECTOR -TO -EMITTER VOLTS (VcE)=6 
FREE-AIR TEMPERATURE (Tra) =25°C 


TYPICAL SMALL-SIGNAL FORWARD 
TRANSFER CONDUCTANCE AND 
SUSCEPTANCE CHARACTERISTICS 


TYPE 2N2857 
COMMON -EMITTER CIRCUIT, BASE INPUT ; 
OUTPUT SHORT-CIRCUITED. 
COLLECTOR -TO- EMITTER VOLTS (VcE)=6 
COLLECTOR MILLIAMPERES (I¢)#1.5 
FREE -AIR TEMPERATURE (Tea)=25°C 
i) 


12 


SMALL - SIGNAL FORWARD -CURRENT 
TRANSFER RATIO (hfe) 
FORWARD TRANSFER CONDUCTANCE (g¢¢) 
OR SUSCEPTANCE (-bfg)—-MILLIMHOS 


O 100 200 300 400 500 600 700 800 900 
FREQUENCY — Mc/s 


5 10 15 COR CD Ta OO 
COLLECTOR MILLIAMPERES (Ic) 
92CS-12153T 


92cs-l2i52T 
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2N2869 / 
2N301 


————— 
Ge p-n-p alloy-junction type used in class A and class B af output-amplifier 
stages of automobile radio receivers and mobile communications equipment. 
JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mount- 
ing Flange - Boliector and case. 


MAXIMUM RATINGS 


POWER TRANSISTOR 


COMESCTOT=LO=BaSEs VOltAGE. .........0.ccccscssosscdeccorcccsssccovcsessecosersoses Vcso —60 V 
Collector-to-Emitter Voltage  ..............sccccccscssossccccccsessssessosseeee Vcro —50 V 
NE EES ASOD OMA Geocoin ccs scecesins tks ova BesavadesualedvossedesTouss VEBO —10 V 
CADULES BETS, CEE ET SETI ye a Ic —10 A 
LOCOS KEI COL W Xa) oy ESM en eth Sr At ot be Re aT oP Iz 10 A 
EVO: COLUPTOE DT ph a a ESP BO Iz —3 A 
Transistor Dissipation : 
BEEN ERIM ELIS AE CDINED OO Co aa cn cccesdcasanes ican Sosenaecce sSeqeachaloacdate o8dcduss-deancrben toes Pr 30 WwW 
SMM OED eY Oats tsacnssduah~cvevercssasaneveseescenseageevarssuebesucesoudocvees Pr See curve page 112 
Temperature Range: 
SOE AG UID CULON) i tess covsceseccsivssunecesvess sevewlaxtoevetseeigedenccies ' Ty (opr) —65 to 100 4 
ait Ohi ch SER Son cans <ccccce Soke s soe ceneso dicee vodnseehvscectvaicsoavecacccsse TstTG —65 to 100 °C 
Pin-Soldering Temperature (10 S MAX) occ eeesseeeeeeeee Te 255 “1G. 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.005 A, 
EUG AON Eee act ie cctv seen <coscckspust3eatessaabonveassdaoszssecccdecoscccedeciessecéesensé VBR) CBO —60 min Wi 
Collector-to-Emitter Breakdown Voltage (Ic = —0.6 A, 
ERs Os NO oe cee Secs aces ccssse0nsseane'niicoessee0 Cbceee ch os scSeacsccsestivecesbecess VBR) CEO —50 min V 
Emitter-to-Base Breakdown Voltage (In = —2 mA, 
HGr DIN ceca na eR RE eS a se V(BR)EBO —10 min V 
Collector-to-Emitter Saturation Voltage (Ic = 10 A, 
ene ee oie anes soo snaseseuct tne sapnivepesesesseasesedentededsceceoesocsion Vcr (sat) —0.75 max Vv 
Base-to-Emitter Voltage (Vcr = —2 V, Ic = —1 A) ..... VBE —0.5 max V 
Collector-Cutoff Current: 
WAGES See SER TeV i 1 ype | RSEPRGS OS ei er re Icso —0.5 max mA 
Wier. Wess) UI EE 8 permet | tee ete pe aR Iczo (sat) —0.1 max mA 
Static Forward-Current Transfer Ratio 
ne ON aa AN) SE icc cclekesscsencecedecevcnsodecsecsaned hre 50 to 165 
Gain-Bandwidth Product (Vcr = —2 V, Ic = —1 A) ..... fr 200 min ke/s 
TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
PI MCOMECCOR=SUP PLY VOMUAGC oo... cncccssecesosesstoncansvenseschecscvetise Vcc —14.4 V 
DC Collector-to-Emitter Voltage ooc..ccececesccccessssssesereees Vcr —12.2 V 
DES Base=to=PMitter Voltage  ...ccccuccscccssccccoscsesceseccsccessseeveese VBE —0.35 a 
eta Collector CULrenit .sei.i:.6--.6osssssnnsasoessoseesnstbooneence Ic —0.9 A 
GRNE! UCU ELIE OE ie anand a Ru 15 Q 
ee UN UN es CEN eo PES ES. in weil bdesde son dacs stb sot sbdaldaot ee f 400 c/s 
Bia SOULCOERIMPCCANCE ©... 5.5.05.065250.s0s0sndeesesoseesceenssoosessesecseass Rs 10 Q 
a ee ac cedeveacdeccsemnrnieecentne 38 dB 
Total Harmonic Distortion (at a power output of 5 W) 5) % 
Zero-Signal Collector Dissipation ................cccccsssccssesessseoess au W 
Maximum=signal™ POwWer Output © o..5.cscc.ccccsecccccccsecessscdcoadeces Por SD WwW 
Circuit Efficiency (at a power output of 5 W) ........... n 45 % 
TYPICAL TRANSFER CHARACTERISTIC 
TYPE 2N2869/2N30I 
COMMON—EMITTER CIRCUIT, BASE INPUT. 
MOUNTING—FLANGE TEMPERATURE =25° C 
o COLLECTOR—TO—EMITTER VOLTS=—1.5 
rd 
Ww 
a 
= 
4 
a 
ro) 
e 
a 
cod 
=! 
ro} 
oO 


92CS-924974 
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TYPICAL OPERATION IN “SINGLE-ENDED PUSH-PULL” CLASS B 
AF-AMPLIFIER CIRCUIT 


DC: ‘Collector“Supply: * Voltages sii. iie.cestecseccesclseteccteakectesees Vee —14.4 
Zero-Signal DC Collector Current (per transistor) .... Ic —0.05 
Zero-Signal Base-BiaS Voltage ..........ccccssssssseceeceeccceceeeceeeeees J —0.13 
Peak Collector Current (per transistor) ..............:ccccee ic (peak) —2 
Maximum-Signal DC Collector Current (per transistor) Ic (max) —0.64 
SIGN AN BTEGCUCTICY as Tekan Rc esha ees nase f 400 
Input Impedance of Stage (per base) ................cccseeseeeeeeees Rs 10 
Load Impedance (per COLlECKOLr) o....ecececeeecteseceseeeeeseeeeeeee Ru 6 
RO WOTP CG ATINA EO eee ea cccnscacsasctee eet og snc yo Gosnechednenussee sotemcts oot eeseeteren 30 
Circuit Efficiency (at a power output of 12 W) .......... z, 67 
Maximum-Signal Power Output oo... eeeeeeeceeeeeee OE 12 


Total Harmonic Distortion (at maximum-signal 


POWer Output “OLS1T2 |W.) wesw eeetecceevaecnieste eas eaetecceeesee Reece 5 
Maximum Collector Dissipation (per transistor 
ata powersoutput of 1 2iueW ) tcc tc wae 3 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2869/2N30I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING—FLANGE TEMPERATURE = 25° C 


COLLECTOR MILLIAMPERES 


eee ar SEN ERS OT 
0 = =10 once 25 -35 -40 -45 -50 
COLLECTOR—TO—EMITTER VOLTS 92CM-9247T2 


2N2870/ 
2N301A 


POWER TRANSISTOR 


Ge p-n-p alloy-junction type used in class A and class B af output-amplifier 


fe) 
SkGooe p> apd 


2s 


stages of automobile radio receivers and mobile communications equipment. 
JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2. (E) - emitter, Mount- 
ing Flange - collector and case. This type is identical with type 2N2869/ 


2N301 except for the following items: 


MAXIMUM RATINGS 


ICollectOKr=tO-Bases VOMAGEL oo oic hctvenocucscccseescsesdvonvacoateesteadessernat VczBo —80 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ; 
(l6ej=4=-0.005 7. A> Te :=)-0) Hee cthaceheidereetee ees V (BR) CBO —80 min 
Collector-to-Emitter Saturation Voltage 
CEG j= V— LOS AGS Dr LA) io ceca teense ect tke Voce (sat) —0.5 max 
2IN2876 POWER TRANSISTOR 


Si n-p-n triple-diffused planar type used in large-signal vhf applications 
such as AM, FM, and ew service at frequencies up to 150 Mc/s in industrial 
and military equipment. JEDEC TO-60, Outline No.20. Terminals: 1 - 


emitter, 2 - base, 3 - collector. 


Technical Data for RCA Transistors 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
Vsze = —1.5 V 
Base open 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 
Tc up to 25°C 
Tc above 25°C 
Temperature Range: 
Operating (Junction) 
Storage 
Pin-Soldering Temperature (10 s max) 


CHARACTERISTICS 


oe Breakdown Voltage (Ic = 0.5 mA, 
0) aa 
Collector-to-Emitter Breakdown Voltage: 
Fey=40.597A. ols) =) 0) tpi 5. as, af =.1% 
Vse = —1.5 V, Ic = 0.1 mA 
eee oeeres Breakdown Voltage (In = 0.1 mA, 
leg 
Collector-to-Emitter Saturation Voltage 
(ies "225.4; Ip = 0.5 A) 
Collector-Cutoff Current (Vcs = 30 V, In = 0) ............. 
Intrinsic Base-Spreading Resistance (Vcr = 28 V, 
NO Aree fo 400 | MCLS) > eeve cic ccetscctacecesesevanssssesuensetsatee 
RF Power Output, Unneutralized: 


CORO Ree ee eee eee EEO E eee ee eeee ee seeseesesssseseses 


PAO RRO meee eee e ee eee eee e Heese eee EEE EE EES HES EE EH SES EEE SEEEHEeEe ease eee® 


SOR e teem eee e eee eee sees esse sess eee EEE eee eee esses ess Hee SESE EEE Eeeeeseeese® 


POO eee eee ener eee eee eee eee eee eee eee EH ee HE ee EEE eEe See eEe ee EEE S See eeee® 


POOR eee eee ee eres eee ees ee sees eee eee ee ess OEE ESSE SOOT SEES ESOO SEES EEE SE EES 


Pree rere e reer ere rere rer rrr rrr rrr rere rrr rie rrr irre rere rere 


eee rere rere rrr errr reer rire rr errr eri rier eee 


PPO e meee eee eee EEO OAT OEE SO EEOC eSE OSHS OO SEHEEH SEES ESSE SSE EEEEOOEESSETSEDOES OH OORT OSES 


Pee eecroreccescescesneseees 


Ree Reece ee eee ee eee essere eee eee eeee see eS eOe SEE EHE EOE SE ESESEESOSEEE SEH EESSE ESSE OE OEES 


Peeeeeccecrcscesessseree 


Preece reee etree errr rrr rier ed 


SOOM e eee ee eee eee eee sere eee ESOS ee eOEO ST OSOEESSSOSSOEEOSSEOEOOEDSETEDOTTEOEOESEEHEES 


Pee meee ee oe reer reer eres rere eeseeessnessseesseereee® 


Wene—yesavon lc —.0.50A5-Pin = 2 W, f= 50 Me/s... 

Ves =.20 V,-1c = .0.275 A, Pir = 1 W, f = 150 Mc/s 
Gain-Bandwidth Product (Vcr = 28 V, To = 250 mA) 
CollectoretO=Case , CAPACITANCE ee. .o2i i ccc -ssaccdecccesedeccsscsceessonssabece 
Output Capacitance (Vcs = 30 V, In = 0, 

mM) ACL MV LCI Sine te es. seco eonate ck ccoGs Ole desk coe tc svcs stoedceccaeeevedcces A iseiene 


* This value applies only to type 2N2876. 


SAFE OPERATING REGION 


TYPE 2N2876 Bes 
BIAS POINT MUST BE IN REGION A TO AVOID 
SECOND BREAKDOWN DURING CLASS A 

OPERATION. 


COLLECTOR AMPERES 
RF POWER OUTPUT (Po) —WATTS 
° 


oO 10 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 
92CS-12038T 30 


TRANSISTOR 


TYPE 2N2876 
COMMON-EMITTER CIRCUIT BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS 
(VcE) = 40 
CASE "TEMPERATURE (Te) = 25°C 


219 
Vczso 80 V 
Vcrv 80 V 
VcEO 60 V 
VEBO 4 V 
Ic 2.5 A 
Pr 17.5 Ww 
Pr See curve page 112 
Ts (opr) —65 to 200 bd ©) 
TstG —65 to 200 Ae 
Te 230 oA 
VBR) CBO 80 min V 
Vosrceo(sus) 60min V 
V(BR)CEV 80 min V 
V(BR)EBO 4 min V 
Vcr (sat) 1 max V 
IcBo 0.1 max BLA 
Ybb’ 6 typ Q 
Por 10 min W 
Por 3 min W 
fr 200 typ Mc/s 
Ce 6 max pF 
Cobo * 20 max* pF 


2 er SSE tae 


40 50 60 70 8090100 


ae 
BDb 


150 200 


FREQUENCY —Mc/s 


92CS-12060T 


2N2895 


Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and low-to-medium-power applications in military and industrial equipment. 
JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. For transfer-characteristics curves, refer to type 2N2102. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
Ree = 10 0 
Base open 
Emitter-to-Base Voltage 
Collector Current 


SPOR RHE HEE HEE OEE HHH HEHEHE OOHEOEHEE OOH DS HE SEE O SEED 


PORE R eee OOO ee eee meee eee HOE HTH SOE SEH OSE OEEHOESESES OSES OHS E SHON LESSEE EOEEED 


SOHO O RRO eee TOE eee DEES EEE E TEE EHE EEE EOHEEE HEE OO ESO EEO SEE SEES SESE DOES OSES ES EO ED 


SOHO O HHO OOOO THEO EOE OEE OEEH ESSE OSES OHH OHEESOTOSEE ED 


SOPHO ORE eC OTE EEE CHES ESTEE EES ESESEHESOEEEEEEEOSES OE OSST OSS SEOTSEH SEED 


VczBo 


VcER 
VcEO 
VEBO 
Ic 


120 Vv 
80 V 
65 V 

7 Vv 
1 A 


220 


MAXIMUM RATINGS (cont'd) 


Transistor Dissipation: 


Tk TOR UC ADOV Coe” Ce ees, eel ihes event tor teeca ne cneedasevasuee 


Temperature Range: 


Operating: (JUNCHON) peo ed...ccctecetcescctrasnocstasctsiecstesccecstceceh 


Storage 
Lead-Soldering Temperature (10 s max) 


POR eee eee reese rasa se esce sere esses eee sees seeesEeeEe ee eeseeeseees 


CHARACTERISTICS (At case temperature — 25°C) 


Sapa to-Base Breakdown Voltage (Ic = 0.1 mA, 


One eee e eens seen sere sere sees reese ses eEee eee ee Hee eses tee eesH SEES ESES HOSE SESE SEES Tees ee 


Saree eee e eee e nese eee e sees eres eee eE eee sees DOSES SEES EES EHEEEEFESE ESSE SOE EHHESEEEEEEE®S 


Ic 0) 

Colicetor- to- Emitter Sustaining Voltage: 
Ic = 100 mA, isn = 
Ic = 100 mA, In — 0, Rse = 10 Q, tp = 300 us, 

df -="2% 

Collector-to-Emitter Saturation Voltage 
(Ic = 150 mA, Is = 15 mA, tp 

Base-to-Emitter Saturation Voltage 
(Ic = 150 mA, Is = 15 mA, tp = 300 us, 

Collector-Cutoff Current: 

Vice =60_V,,.. In) = 056Tas=, 25°C 
Vics: == 60-V in =,0,,-TA= 150°C 


Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ou... 


Pulsed Static Forward-Current Transfer Ratio: 
Vcr = 10 V, Ic = 150 mA, tp = 300 us, 
Ver = 10.Ve. lct= 10-mAs tp = 300 us). df= 2%, 

Ta = —55°C 


Vien —110-Ve loo 10 mA tp = 3008 ust —.2% —., 


Static Forward-Current Transfer Ratio 
(Vcp = 10 V, Ic = 0.01 mA) 

Small-Signal Forward-Current Transfer Ratio: 
Ver = O° ic —.5 mA, fT ="1sKe/s 
Vce = 10 V, Ic = 50 mA, f = 20 Mc/s 


Output Capacitance (Vcs = 10 Vi tn =0; 


fees 0:1 Ao VLG s\n or cnet ere occ scakcosseueenes 


Noise Figure (Vcr = 10 V, Ic = 0.3 mA, f = 1 kc/s, 

Re = 510 Q, circuit bandwidth = 1 c/s) 
Thermal Resistance, Junction-to- Case 
Thermal Resistance, i 


TYPE 2N2895 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 


3 


co) 


hele 


COLLECTOR MILLIAMPERES 
@ 


= 
2ir 
Rae irae a 
__|_ _| BASE MICROAMPERES = 0 
ce) 20 SO ena oie 


2N2896 


ee Ope tyie S00 SOE ae 206): retecncceacse 
=' 300 us; df= 2%) =. 
Ol = "295 ) a 


Oden eeeccceeeeresesecesereseeeereeeeee 


Remon eee eeeareescscceeeeseseeeesesees 


di 2°52. 


POS e eee eee e ee eee eee eee eee sees es ESO EOH OEE EEEEE SSE EE EEE EEE EEE EEE Eee 


SOOO e meee error ceseeseeeseesesereeeeesseees 


See eeecerese rece sereesssessesees 


Pree ee reer Cee rere 


Input Capacitance (Vrs = 0.5 V, Ic = 0, f = 0.14 Mc/s) 


Stee eesereeeeeseees 
Penne eee soccer eeereeeseeees 


eee een ereseeeeeoee 
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Ts (opr) 
TstTG 
fis 


VBR)CBO 
V (BR) EBO 
VcKo (sus) 
Vcer (sus) 
Vcr (sat) 
VBE (sat) 
IcBo 


IcsBo 
Izzo 


hre (pulsed) 


hrn (pulsed ) 
hrs (pulsed) 


hre 


E 
CA 
leat 
lee 
aes 
== 
er aaa 
aie 
a5 
er 
re: 
ral 


10) 60 10 
COLLECTOR-TO-EMITTER VOLTS 


TRANSISTOR 


0.5 WwW 
1.8 WwW 
See curve page 112 
—65 to 200 Me 
—65 to 200 we 
255 Ze 
120 min V 
7 min Vv 
65 min Vv 
80 min V 
0.6 max V 
1.2 max V 
0.002 max pA 
2 max LA 
0.002 max wA 
40 to 120 
20 min 
35 min 
20 min 
50 to 200 
6 min 
80 max pF 
15 max pF 
8 max dB 
97 max °C/W 
350 max °C/W 


S2CM-III75T 


Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and tong Peace -power applications in military and industrial equipment. 
JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. For transfer-characteristics curves, refer to type 2N2102. 


Technical Data for RCA Transistors 


MAXIMUM RATINGS 
ROOUISCLOF=1O=E5ESC UVOITABE  .........csccesccsesssvesseccccscocncconscreetsvvosece Vcso 


Collector-to-Emitter Voltage: 

NTE, Soy code rues she vocierauscacecsuccasesuneacdeococobeecaees VcER 

UNNI Me hatte. t 3.11. c8e tcc. nec dedsusscie dot loncchsvoubedcbadecco don bacece Vcro 
RRMA ET RP TESESE VW OLLAGCD. «occ cackcisccocsoxs ness occhcsosesstocseseccucrreccertelce VEBO 
is NEEM RUPTNG £5.55 -2kc5 5c e0u5 onaearsaencts.cossoavescecevacencscoccceccnsouocececca Ic 
Transistor een: 

MM Rt soe paaw ccenecsvesednapitbb caavedendecsaecuscusesuct Pr 

Tc up to ee Pashia atel rw esnckyiviccsian veniseinnca rere Pr 

Ta or Tc above 25°C Pr 
Temperature Range: 

RPM RMN RCNTRVCLIOND ) 0.20.55... conevnncdccstsalinapicsnoorccssieconersoncees Ts (opr) 

NNR ia toveiiaok nase sh sn anedsavaduodessasusdeCccadevaiseves<sncsédecvuseevess TstG 
Lead-Soldering Temperature (10 S Max) wucecccccccseees al ter 


TYPE 2N2896 
COMMON-EMITTER ghia ie INPUT. 
AMBIENT TEMPERATURE = 25° C 


ca 
= 


COLLECTOR MILLIAMPERES 


is 


0 100 125 175 
eeluecrors TO-EMITTER vous 


CHARACTERISTICS (At case temperature — 25°C) 
menectort0: -Base Breakdown Voltage (Ic = 0.1 mA, 


Be MI ISS gnats anges sass sree acomeesoaccccon coovestcccheceeenenere ieee ceutuesecone V(BR)CBO 
Emitter-to-Base Breakdown Voltage (In = 0.1 mA, 
ee I adhe vaslinn sss 0x3 00e¥ dks oveipoa'ccec serio nivocsvacacaecranscecesenasesse V(BR)EBO 
Collector- to-Emitter Sustaining Voltage: 
io eae, is = 0, tp —-300 ps, df = 2%”... Vceo (sus) 
Ic = 100 mA, In = 0, Hide’ 100); tp = 300 us, 
df SR esterase sisihdica sunt ophousesvnactnchesinenoteet oon eteve oaicanteecaeee Vcerr (sus) 
Pallectar® to-Emitter Saturation Voltage (Ic = 150 mA, 
Leva lowiarn ULpea—) G00! YS) GE i == 12% ).ccccciiecsccesessangncsceess Vcr (sat) 
Base-to-Emitter Saturation ‘Voltage (Ic = 150 mA, 
PS Peat 461.2 ~000- KS, AT) 02%) ai Vex (sat) 
Collector- Cutoff Current: 
Wier O Vi kma—. 05) TAL — 42 CC ws tiers citessicere, hase eee eae Icso 
Viepe— 00 Nemine=—AO. TA =! 150°C s.2a5 7 nergy ea Icso 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) uu... Irso 
Pulsed Static Forward-Current Transfer Ratio: 
Mi@oset0-V sic = 150i mA, tp =. 300 "sy df —' 2%, 
NN eRe So ss cheeses aceish od) sagen lo Yas iancttetteh oe Des onssacderasacwvabs hrs (pulsed) 
Vou=— 10 V;,. Ic. = 10. mA, tp.= 300 ws, df= 2%, 
PD Avie 6 EU RET ST at ONO AMIS SA, a hre (pulsed) 
Static Forward- Current Transfer Ratio 
erm TOU OY ee Rice 1 A Yk TE ch cbt a oe sce ve coccecs hre 
Small-Signal Forward-Current Transfer Ratio: 
Wiener Vet — bom AY -f <= 1 ke/ss. SA ks hte 
Vienne vertc <= 50 mA, fh == QOUMC/S: ccccloN ie rcescoce hte 
Input Capacitance “(Ves = = 0. 5 Vv, hos=="0) 
Rae AVES SES ee es disdconeconatecedscbootvdti oometerbnes Cibo 
Output Capacitance (Vcs = 10 V, In = 0, 
f = 0.14 Mc vs ) een ee nneeccrccccceseeeeeeeecoesenseneroeeeeeeeeessesseeccccccnscoeconee Cobo 
Thermal Resistance, Junction-to-Case .....cccccscccsssesssseeeees Os-c 


Thermal Resistance, Junction-to-Ambient .........cccccccccceeees QOs-Aa 


Bis see peeceee 
— | 


a eye ee 
i a Dis eS a Ee od eee 
aid] ep 


221 
140 V 
140 Vv 
90 Vv 
7 V 
il A 
0.5 Ww 
1.8 WwW 
See curve page 112 
—65 to 200 he 
—65 to 200 Ae 
255 , & 
200 
92CM-12094T 
140 min V. 
7 min V 
90 min Vv 
140 min V 
0.6 max V 
1.2 max Vv 
0.01 max pA 
10 max LA 
0.01 max pA 
60 to 200 
20 min 
35 min 
50 to 275 
6 min 
80 max pF 
15 max pF 
97 max °C/W 
350 max °C/W 
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2N2897 TRANSISTOR 


Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and lowe o-medium-power applications in military and industrial equipment. 
JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector 


and case. 


MAXIMUM RATINGS 


GollectOr=tO-Base = V OltA GG were ctncssecess0ccscsccteevcurseeccotceicsssecnocsecess VcBo 
Collector-to-Emitter Voltage: 
FEB vo ed a ae ea Ser seas scacbdcasae ae Stace cuscsccacsscstes secenene teste rsoses VcER 
BlaASG@ MODEM ress s beseie ceva ok Fau sen covs ashe veddaweg sapepasnss susesencsanasenSeapieesunes VcEo 
Emitter=to-Base | Voltage i iarccccccctee a ccteos cstens= cvessst deacon n04+s0asccceeeees VEBO 
Collectoray: CULre4n tits. Bes iepeksrcatepccteaees Haus stuaataoss scterveneseneussosessctses Ic 
Transistor Dissipation : 
SE Mae NAD BLO eg Conc ccne ccateratieass types ase teogescecavduew sobs ostasceactsac tecoonepcease Pr 
FTG UP EE LO eas Co aatecrsaecets fects canaries costco sesent sanchese star cncsaacustegsmesonr=ne Pr 
TA MOLD aLOrADOVEW 2D tC leek etertavcnnsens ss teseeeets .sovensncocasascerecoorseges Pr 
Temperature Range: 
OperatingeCIuUne tions aye cccckesccsecsecsccctnaseehth cs cractvsaeccnsesscostence Ts (opr) 
SOLAS CR esse tene tas eeee crete sta tae aa ash viaeu Taco tedeus tistunatenmene tess TstG 
Lead-Soldering Temperature (10 S MAX) oss Tu 


CHARACTERISTICS (At case temperature — 25°C) 
Collectors -to-Base Breakdown Voltage (Ic = 0.1 mA, 


Cb ks fas ee aes SeRGAS oe ceI Sh PROS RR Rc ha eee eet ee VBR) CBO 
Emitter- to-Base Breakdown Voltage (Iz = 0.1 mA, 
Foe =278 0) ie ee eter cencaloeatec Btresans ee cesaee ere eek ees edo Maceo chet VBR) EBO 
Collector-to-Emitter Sustaining Voltage: 
Tot 100. mAs cles. 0; stps=. 300k uSs GE 2% wen Vcro (sus) 
Ic = 100 mA, Tees O seme 7 LOsO sath =, o00h us; 
df DOG neh css Mecano te Sac oes een aos Rage ae ae Sdeton et MONIES rs Vcerr (sus) 
Collector-to-Emitter eae a Voltage (Ic = 150 mA, 
Feel Sem Ave tha S00 RUS oe Gilt mo st enenasdecsvssedesvsvestens’ Vcx (sat) 
Base-to-Emitter ee rration. Voltage (Ic = 150 mA, 
Tpg— LS emAsy tp. —so00R us at 220 b)) , eicestccectsstetes isceseses Vzx (sat) 
Collector-Cutoff Current: 
VicEa— + CORVaE Lie 20 Ae eo Comet cent mee cements IcBo 
Vepe= GOcV, Ae O50 T a 50OG oe cacbcrienc noxccerereson ins ccens IcBo 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) «ue IEBO 
Pulsed Static Forward-Current Transfer Ratio 
(Vcz = 10 V, Ic = 150 mA, tp = 300 ws, df = 2%) .... hhre(pulsed) 
Static Forward-Current Transfer Ratio (Vcz = 10 V, : 
Eose= 0-107 mi Aye ee Sie ee. er ee hre 
Small-Signal Forward-Current Transfer Ratio: 
Vienr= C5 Vacs temMAy fies 1 CSP tee ee hte 
WViCHa—al ORV Low) o0sIN Ay fe) COUN C/Spn en ee hte 
Input Capacitance (Ves = 0.5 V, Ic = 0, ; 
Li = OLEAIMIC/S))i sie ceesecsrcertestctesoaes terete tereee eters ees Cibo 
Output Capacitance (Vcs = 10 V, Iz = 0, 
fe ORTA IMIG YS) ieeccctercacctaseest ache hoerestetent ecceeeseee tector sete eens Cobo 
Thermal Resistance, Junction-to-Case oo....cccecceessceesseeseeee Os-c 
Thermal Resistance, Junction-to-Ambient ..........cccccccee Os-A 


TYPICAL TRANSFER CHARACTERISTICS 


500 


COLLECTOR MILLIAMPERES 


BASE-TO-EMITTER VOLTS 
92CS-I21I04T 


0.5 


1.8 
See curve page 112 


—65 to 200 
—65 to 200 
255 


60 min 

7 min 

45 min 
60 min 

1 max 
1.3 max 
0.05 max 
50 max 
0.05 max 
50 to 200 
35 min 


50 to 275 
5 min 


80 max 
15 max 


97 max 
350 max 


Ha pdda < 


°C 
°C 
a © 


pF 
pF 
°C/W 
°C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2897 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25°C 


n8 
© 
a 
= 
=< 
a 6 
= 
S 
Ee 
4 
— 
mall 
ro} 
o 

2 

— — | 
Mee) as (aet L-ohee“stcnanipenee 7 
7. ao) SE SR Pee EE! SSS ores ee 
O 10 20 30 40 50 60 70 
COLLECTOR-TO-EMITTER VOLTS 92CM-I1178T 
COMPUTER TRANSISTOR 2N2938 


Si n-p-n double-diffused epitaxial planar type used for high-speed saturated 
switching in data-processing equipment in industrial and military equip- 
ment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 2 - base, 3 - 
collector and case. 


MAXIMUM RATINGS 


BASLIPCEOLSEO-EASC “VOM QC vicicc.nicsncscasenecenceosennexdseccconeyssvececess Vczo 25 Vv 
Collector-to-Emitter Voltage wo..cccccccscccsccscssssscssscesscsssceseeees Vcro 13 V 
MemtIIELOT 10m PASS VOIARE © x... s0cidessascs.oscsnodsednovvssscncecsseecnssesavtlices VEBO 5D V 
ETN S bogs 2 Sie TS eee, ete ty octet RnR aT ap Salk Fate aeiemi os Ic 0.5 A 
Transistor Dissipation: 

Se NU DU aie Mma Mee rss aS kcshce ds Agavi ck vaccista chavectaetvsesacetececkesvccsees Pr 0.3 WwW 

aR CRONE eee MoE en ova s se covedevienidetics lo orncns eck cSoecenncks Pr 1 W 

ey 2, alr al i aR nS SRI I Io Pr See curve page 112 
Ambient and Case Temperature Range: 

rts 0 SS 662) en A rr —65 to 175 °C 

ST 6 SOS iene eae nee oe ee Peta mere tts Buta et Oe TstcG —65 to 200 i 
Lead-Soldering Temperature (10 s Max). weecccccceeees rs 300 val 3 


TYPICAL RISE-TIME CHARACTERISTICS 

TYPICAL DC FORWARD-CURRENT : TYPE 2N2938 

TRANSFER-RATIO CHARACTERISTICS A SOP EASE FO. buat re baeaee 6 
TYPE 2N2938 


IGOl COMMON-EMITTER CIRCUIT, BASE. INPUT. 2 Vee (ott)}=—1.25 
= . FREE-AIR TEMPERATURE (Tea) = 25°C 
FREE-AIR TEMPERATURE (Tra) =25°C (TFA) 


Pea Ne 
ZOOS 


RISE TIME (f;)— NANOSECONDS 


peamee | Tth 
SE 
fe) 0.05 Ol OSs. 02 O25 


1 24 6810 2: 4 6800 2. 4.6 RATIO OF "TURN-ON"BASE CURRENT TO 
COLLECTOR MILLIAMPERES (Ic) COLLECTOR CURRENT (Ig,/Ic) 
92CS-12129T 92CS-12132T| 


DC FORWARD-CURRENT TRANSFER RATIO (hee) 


224 


CHARACTERISTICS 


Collector-to-Emitter Breakdown Voltage (Ic = 10 mA, 
Ts 0) ess oe cers bas conch Bocas cave waodet ace oustanepcicticccazsn nee ainacmetet 

Collector-to-Base Breakdown Voltage (Ic = 0.01 mA, 
Ip 


PPPUeeTOT TET errr eee eee eee eee eee eee rr) 


) 
Emitter- to-Base Breakdown Voltage (Im = 0.01 mA, 


I Keio ns it U0 fees My vet sea Soe anne Set op beet a ey OR fn Seay es oR SRNL an 
Collector-to-Emitter Saturation Voltage (Ic = 50 mA, 

betes ts 1 Ses 9 VG) atte ete rere ST Bere Me Nr ae a RE cnt tie th 
Base-to-Emitter Saturation Voltage (Ic = 50 mA, 

Tics UG DA) Be RE ocho sects stewed ce Gott cee Maven saaatacsvascpngoeeo nets 
Collector-Cutoff Current: 

V Cmigee ZOE Vios Vine a 0A a SO Ciera ccs ctennstoncs ctagcessoneactoe 


NV Cine oe OSV pee Ose A ae BO TCE is ic ceett cee tteenes eee 
Base-Cutoff Current (Vcr = 20 V, Ves = 0) «ue 
Static Forward-Current Transfer Ratio 

QV. Gin —0 35 Vine Cas OL NVA.) ob iia e ck. peace cnncctensccatess 
Pulsed Static Forward-Current Transfer Ratio: 

Viens ol aVieel os==5 200 mAs tp 00. US) Oi = 5 pee 

Vcm = 0.4 V, Ic = 50 mA; Ta = —55°C, tp = 50 us, 

ro bo ket IAA Fao tea Maes Se Seis. Sa ENE Deer SiR. eres Lomtece ee necod 
Small- Signal Forward-Current Transfer Ratio 


RCA Transistor Manual 


VBR) CEO 13 min Vv 
Ver) CBO 25 min Vv 
V(BR)EBO 5 min Ni 
Vcr (sat) 0.4 max Vv 
Veer (sat) 0.8 to 0.95 V 
Icry 25 max nA 
ee 33 mmax A 
hre 25 min 


hrs (pulsed) 10 min 
hrs (pulsed) 15 min 


(Vont=r10.V,.Ic = 10 mA; f'= 100 Me/s)) yawws:.. 23: hte 5 min 
Input Capacitance (Vrs = 1 aie eee O eet Vy, S)) ae Cibo 5 max pF 
Output Capacitance (Vcs = 5 V, In = 0, f = 1 Mc/s) Cobo 4 max pF 
Storage Time (Vcc = 10 V, Ic = 10 mA, 

ype OS VA A oe — FO Ty A teres eee cote ee orec en cerererense ts 15 max ns 
Turn-On Time (Vcc = 6 V, Ic = 50 mA, 

EBY ge ORLA OV BR) —— bon Vi) accccstbevsuinascccacesttsdecocasecesnssese ton 30 max ns 
Turn-Gff»Time (Vcc = 6 V,. Ic = 50 mA, 

Ips. 2-50 AS Tepe = —2:5 MA) oc. See aS tott 30 max ns 

TYPICAL FALL-TIME CHARACTERISTICS TYPICAL STORAGE-TIME CHARACTERISTICS 


: TYPE 2N2938 
COLLECTOR-SUPPLY VOLTS (Vcc) =6 

47 COLLECTOR MILLIAMPERES=Ic 
RATIO OF COLLECTOR CURRENT TO 

2> "TURN-ON" BASE CURRENT (Ic/Ip,)=10 
FREE-AIR TEMPERATURE (Tra) = 25°C 


TYPE 2N2938 

COLLECTOR -SUPPLY VOLTS (Vcc)=6 

COLLECTOR MILLIAMPERES= I¢ 

2tRATIO OF COLLECTOR CURRENT TO 

'TURN-ON" BASE CURRENT (I¢/Ip,)=10 
100 [FREE-AIR TEMPERATURE Tea=25° C 
8 
6 
4 


7) 
° 
zZ ro) 
ro) re) 
(s) J 
4 g 
S 100, 2 
<x 6 z 
i 4 1 
! “a 
> need 
tes, ee w 
1] | 
=O FE 
Fytre 8 w 
a feeeis rc) 
=] 4 ms 
2 
no 


I 
0 


0 0.05 0.1 0.15 0.2 0.25 
RATIO OF “TURN-OFF" BASE CURRENT TO 
COLLECTOR CURRENT (Ig5/I¢) 

92CS-1233TI 


0.05 0.1 0.15 0.2 0.25 
RATIO OF "TURN-OFF BASE CURRENT TO 


COLLECTOR voedbeki el (IBo/Ic) 
92CS-1I2135T! 


2N2953 TRANSISTOR 


Ge p-n-p alloy-junction type used in af-driver amplifier applications in con- 
sumer and industrial equipment. JEDEC TO-1, Outline No.1. Terminals: 


1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 
Collector-to-Base Voltage: 


V 
Collector-to-Emitter Voltage (Rese = 10 kKQ) .......... 
Emitter-to-Base Voltage iii... c.c.cccccccccctorvscosscccdeesssooees S Seanbete ae 
Collector FCULrent er ockete eee 
Britten. Curren te iigeccccseee rere eee ee ee 
Transistor Dissipation: 
i TRE 6 pose RO eas 1s Ned Oh renter RE Corley sae eS ak atu een a Pn tear: 
Tc up to 55°C (with practical heat sink, 
Oe Oe CW rthicestectecoentcs cetss ousues Abts edsc shat sot gees See eee 
Ta or Tc (with practical heat sink) above 55°C .... 


Vcso —30 V 
Vcsy —30 V 
VcrER —25 V 
VEBO —25 V 
Ic —0.15 A 
Ip 0.15 A 
Pr 120 mW 
Pr 225 mw 
Pr See curve page 112 
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MAXIMUM RATINGS (cont'd) 


Temperature Range: 
Operating (Junction) 
Storage 


SOHO ee ee eee eee eee ees ee eeee esse ee eee eee eeeseeee esse eeeeesee 
PPP ere errr rier rr rrer reer errr ree ree eee ey 


errr rr rrrry 


Cera roseeccescescccseces 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (Ic = —0.05 A, 
Vena 2. V 


POO MeOH eee ees ee EEE eee EEE ee DEe > OEE DESEO ESOS OE EEEE EE OSES EE Se Eee eeseeseeeeee 


Emitter-to-Base Breakdown Voltage (Im — —0.05 mA, 
SOI oo c5 gO 6k cogs Bale olou scuncish vcbetel ndsbusnccdvesoentesstacates 


Geo 
Collector-Cutoff Current (Vcs = —20 V, In = 0) 


eeeeeccscees 


eeceeeee 


Cor errcesccccece 


Seeeccccecescccosece 


(Vcn = —10 V, Ic = —10 mA, f = 20 MC/s) ..000:...... 
Collector-to-Base Feedback Capacitance 
(Vcr = —12 V, Ic = —1 mA) 


POO ooo ee ereeererescoereressooeerosseee® 


Ts (opr) 
TstcG 
TL 


V(BR)CBV 
V(BR)CER 
VBR) EBO 
Iczo 
IzBo 

hte 

fheb 


Ypb’ 


Cb’c 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N2953 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 


1 
ey 
fe] 


| ee 
‘igsee: 
§ ot 
(/2s=2= 
2 | eens 
a=e== 
z= 
=] 


COLLECTOR-TO-EMITTER VOLTS 


TYPICAL TRANSFER CHARACTERISTIC 


—65 to 100 
—65 to 100 


255 


—30 min 
—25 min 
—25 min 
—5 max 
—7.5 max 
200 min 
10 typ 
300 typ 


6.5 typ 


92CM-12144TI 


TYPICAL TRANSFER CHARACTERISTIC 


-g| TYPE 2N2953 
-6- COMMON-EMITTER CIRCUIT, BASE INPUT. 
_gL FREE-AIR TEMPERATURE (TFA) =25°C 
COLLECTOR-TO-EMITTER VOLTS (Vcp)=—! 
TRANSISTOR FASTENED TO HEAT SINK 
HAVING A THERMAL RESISTANCE (8x5) 
OF 25° C/ WATT. 


225 


w 
WJ 
ec 
a 2 
2 2 
= 108, 
= e Li? 
a Tepe 
(eo) = 
< 
: Sh 
= = 
oO 5 aes 
oO -6 
ee 
125 -175 =225 -275 -325 -375 a 
BASE-TO-EMITTER MILLIVOLTS Oj erezs 
92CS-12147T 
—| 
-8/Z4 


Ghee ic 5 OO a 
BASE MICROAMPERES (Ip) 
92CS-12155T 


“Tae S000 
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2IN3O11 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used for high-speed saturated switching in 
logic applications. JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 - 
base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base) Voltage iiiccccieccicictibdesesstcccescoccsccsoocesadasossoes VcBO 30 V 
Collector-to-EMitter Voltage ..........ccccscsscscssssssrcsersccssessseees Vcro 12 V 
Emiltter-t6-Base A VOltAZE cic cccicskesssonsscndovtdsbenstndotsconsssarecseteeaseesd VEBO 5 Vv 
CONMECTOR E CUPTOI ooo aceccaseireystertestescanacan sdosveuvotvosseccstuensscctasaseasouens Ic 0.2 A 
Transistor Dissipation: 
ER USEY PU eS ences esas shdetee ddd retecanonsaveeteebvanecsact ducarresleape aatennaP Pr 0.36 WwW 
TB Cie Wigan: Wis i oe coerce vz ei casyos geuncneetentssnccazeceasuneson trope ean sotene teers Pr gle Ww 
Me COL Lh Ota DOV C20 as arecveet a nvescuubbnagiossecsPantusas ah pedttncneaestttes Pr See curve page 112 
Temperature Range: 
Operating (Junction) ........... De St ns inl Meri etieh sem AE sen Ts (opr) —65 to 200 SC 
SSE OTS Cocos esis cs svccsinca pachinaseonsyaeeoec ental spaoanqaaneanaoestenonaeegusomeemnee eaten TstG —65 to 200 PC 
Lead-Soldering Temperature (60 S MAX)  .......ccccccccreseees Tau 300 Ae: 
CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (Ic = 0.01 mA, 
Ny pe De etree emer ere i Se er een pe A aay terre ets: VBR) CBO 30 min V 
Collector- to-Emitter Breakdown Voltage 
CEG) 0.0L; nGA,. “Reem SO) oi. 0. cn 1c ck cccscncnnasctisasindgenth ch ghisoutte VrR)CcEs 30 min Vv 
Emitter- to-Base Breakdown Voltage (Im = 0.1 mA, 
Eee Oe eee aie ase a ars wn Se ove stesa ban cteoe aawaas vad dak aseanbsetoe V (BR) EBO 5 min V 
Collector-to-Emitter Sustaining Voltage 
(Io-=2710.mA,. In. ==.0,. te ==. 300: us): GEi = 2%) \ccscetesiae Vcero (sus) 12 min N, 
Collector-to-Emitter Saturation Voltage: 
ToS 10s rr Ae Pe VAG DA a 2G Sccce sn ceccece vas sasecees Vcs (sat) 0.2 max av 
To 80 nA; “Tete Te ns Ta: BOP C finns: escscpcoaonee beeen Vcx (sat) 0.3 max V 
Ic = 100 mA, Is = 10 mA, TTA Se Con cechshec cht teccsntensts Vor (sat) 0.5 max V 
Base-to-Emitter Saturation Voltage: ; 
§ Weft ATS ww W's Gad th, amt d bgih 09's Spc omtr ments Geen ore CCE eo Vex (sat) 0.72 to 0.87 V 
Ic = 100 mA, Nsom Ki 0 9 U's Wacy ep Qe een Se ee ok VE gle Vzx (sat) 1.6 max Vv 
Emitter-Cutoff Current: 
VG iO a Vie RB as Og At OC iecarecrtaaceccntcssecetttecspescsstees Ics ~ 10 max uA 
V cmt" 20 Vit Ree 20, PE Asai 25: Co, iitertrenscscctstenarccseedeerr sve Icrs 0.4 max LA 
Pulsed Static Forward-Current Transfer Ratio: 
Vcr = 0.35 V, Ic = 10 mA, tp = 300 us, 
Pa Baca ayy Sap ee SPEAR a AUS AES ARSED, ons! Oe WPI BEE rea" AiO, hre(pulsed) 30 to 120 
Von = 1, Ic = 100 mA, tp = 300 us, 
df 2% SIRE cc nscorceee OO eo eee ae seoee eae TLS aR hre (pulsed) 12 min 
Small- Signal Forward-Current Transfer Ratio 
(Vcn = 10 V, Ic = 20 mA, f = 100 Mc/s) ................. hte 4 min 
Output ee ae “(Ves = =o ,In= ==), 
FO LAWMNT C/I ice ces ccctecctarsteoties tease retentcte eee n tees Uatvessuarersenss Cobo 4 max pF 
Storage Time (Vcc = 10 V, Ic = 10 mA, 
Fer Se Om AGS 2 8S FO VAL) oe ire css cev cate cccessosoencousopecsoasy ts 13 max ns 
Turn-On Time (Vcc = 2 V,Ic = 10 mA, 
Ipp 73 NVA: Vp i( OFF) Same OFV Deis ccatacaccdecsencvsSecectoestetteuee® ta + tr 15 max ns 
Turn-Off Time (Vcc = 2 V,Ic = 30 mA, 
Test 3 AR Tig eS INNA At edicece tot ussecsocssccvoes¥acoueaeteudess ts + te 20 max ns 
IN3053 POWER TRANSISTOR 


Si n-p-n triple-diffused planar type used in a wide variety of small signal, 
medium-power applications (up to 20 Mc/s) in commercial and industrial 
equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. 


MAXIMUM RATINGS 


Collector=t6=Base — VOMABE © oiscccsccccccovscecacsosercossctmpassnovecsdvesesevseeue VcBo 60 
Collector-to-Emitter Voltage: 
Iie sal aL oe iba ao tcchic cost Oetascetsatoctstateosossvasccastitroncssttancrceser anette VcEv 60 
MGA ha 0 cic katona cereree cndecsastecsdcascteseosnttchces oosrccucesoceenlovercarerttenTs VcER 50 
Base open (Sustaining Voltage) .........cscsssssscseeseessesscees Vcro (sus) 40 
Emitter-to-Base Voltage _ .............. Raectisenerridcetecsnstetracenstarerees VEBO 5 
COTIECTORT CURTENIE eee stir veseitteo kate hav acchcozstattescie us ieus catocceertxevanicees Ic 0.7 
Transistor Dissipation: 
SA Dy, LO 0 Or eocens atecdiascrccestesset i tastevcosanctaccestectecesciatebentcsenetore Pr 1 
TOF UID ie tOFV DE ote st cte odtetees svontncsignterstadeessuseuataresndectecenaronecene Pr 5 
PACOPSGE O DOVES rs CC - crcacoscetsscosesanavertttoasatusoveocnraseentecsnsstaavants Pr See curve page 1 


Dae Pdddd < 
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MAXIMUM RATINGS (cont'd) 


Temperature Range: 
Operating (Ta-Tc) and Storage (Tsrc) 
Lead-Soldering Temperature (10 s max) 


Peer oceeeresvcccecoosces 


Corecceccesscssseseosese 


CHARACTERISTICS (At case temperature — 25°C) 


Bag ht a Breakdown Voltage (Ic = 0.1 mA, 


COPD e eee OEE see eso EEE SOO OEH DOES SEO OE SEES OSES OOO SEES EES OE SCE O OES HOSS ECES ODES CC OSES 


1 
Collector-to-Emitter Sustaining Voltage: 
Ic = 100 mA, Raz = 10 Q, t 


POO CHEE LOS O OOO HOES E DOES EOD SEE DOOD SEDO ESOD ESOS OSES OOOO EEO H HHO ES HEED OLDER ESOS SOEHOS 


eoccsccvsses 


In = 15 mA) 
Collector-to-Emitter Saturation Voltage (Ic = 150 mA, 

PNM EN NNER GP rec ye esos bce sc coch soc ck unk tavcaditoaséuesssoctcsbovedracesetcosrs 
Collector-Cutoff Current (Vcs = 30 V, In = 0) 
Emijtter-Cutoff Current (Ves = 4 V, Ic = 0) 
Pulsed Static Forward-Current Transfer Ratio 

(Vcr = 10 V, Ic = 150 mA, tp = 300 ws, df = 1.8%) 
Small-Signal Forward-Current Transfer Ratio 

(Vcr = 10 V, Ic = 50 mA, f = 20 Mc/s) 
Input Capacitance (Vrs = 0.5 V, Ic = 0) 
Output Capacitance (Vcs = 10 V, In = 0) 
Thermal Resistance, Junction-to-Case 


POO ee eee eee eee seesseses eee ee SSO OES OSES ESOS HEE EEES ESTO EES LE SSE ESE ESSE SEED 


eeecceecoees 


Cece cerrcececesece 


Ceseecocescsecescces 


cere cecseccccvcecceoee 


seccecccccescccecece 


AP ee meee ercercoesccseescessees 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N3053 
COLLECTOR-TO-EMITTER VOLTS (Vge)=10 


oO 


@ 


BSS 


COLLECTOR MILLIAMPERES (Ic) 


BASE MILLIAMPERES (Ig) 
tw o 


a 
0 O27 014 2016 10'8) | TO 12 
BASE-TO-EMITTER VOLTS (Vpe) 
92CS-12329T 2 


POWER TRANSISTOR 


TYPE 2N3053 


REE-AIR TEMPERATURE (Tra) 25° 


VBR) CBO 
VBR) EBO 


Vcrr (sus) 
Vcro (sus) 


Vzx (sat) 


Vcr (sat) 
Iczo 
IzBo 


hrr 


hte 
Cibo 
Cobo 


Os-c 


2 4 6 


—65 to 200 
255 


60 min 
5 min 


50 min 
40 min 


1.7 max 


1.4 max 
0.25 max 
0.25 max 


50 to 250 


5 min 
80 max 
15 max 
35 max 


8 10 


COLLECTOR-TO-EMITTER VOLTS (VcE) 
92CS-12327T 
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° 


Dod d dd dq < 


eer 


pF 
pF 
°C/W 


TYPICAL COLLECTOR CHARACTERISTICS 


2N3054 


Si n-p-n diffused-junction type used in power-switching circuits, series- and 
shunt-regulator driver and output stages, and high-fidelity amplifiers in 
commercial and industrial equipment. JEDEC TO-66, Outline No.22. Termi- 
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


CORRS Hee ETE H EHH eee eee esE eee res EE ues ceEeeeeseeeseees 


Pee OHO O ee ee Dee e reese eEee Eee EE See SEE ESESESeSEOEESSOEEeeHenseeeeese® 
SO Pee eee eeerereoeeee ees eeee eee e eee sees Ee eeEeEeOeEeSeSeEeeeeeeeeeseeerseee® 
Cee rere neereeeeeeeesesesescccoesesoeoes 
PP ee ree rrr errr rere rrr reer err ery 


SPOOR OSES OOOO OELOT OSE O EES EEES ESOS OESE SESE ESES SESS ESOS EEO SEES OOER SEES 


Base Current 
Transistor Dissipation: 
Tc u Cc 


SPEECH OOOO OOOO DEES ESSE LOSS DOSS EO SO SESE ES OSSD OE OOEO OOOO OOOO ESOS SSH ODOSSSES OSES 


SOTTO OEE OE HOSE ESOS ESOS THEO OEOSOE SE OEE EEE EHEHOOHOOO SOOO OHSS EH OO SEES HESS 


SOOT O HOSE H HOSES ESSE OEE D SESE DES SESE ESSE SOE EESOOESOESOO HESS OSES OSES SEED 


34 
Operating (Tc) and Storage (Tstc) 
Pin-Soldering Temperature (10 s max) 


Ceeeesesccscescoesosssceseee 


VcBo 


Vcrv 
VcER 
Vcro (sus) 
VEBO 

Ic 

Is 


Pr 
Pr 


Tp 


29 
See curve page 112 


—65 to 200 
235 


Prddd< < 


< 
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CHARACTERISTICS (At case temperature — 25°C) 
A Saban e en Breakdown Voltage (In = 1 mA, 


(oem 1) Os er eae Race a Peng tn oR Enon Sy Pa ae Raa yak VBR) EBO 7 min Vv 
Collector-to-Emitter Sustaining Voltage: ; 

Tova e200 LAT Re 00 TO ieee rctecc crencttctecteeetetecessccttns Vcer (sus) 60 min Vv 

Foe 71 002m Ail oy Oe eee ee resetecstaeseeree actamevanduenas Vcero (sus) 55 min V 
Collector-to-Emitter Saturation Voltage (Ic = 500 mA, 

De ADO TIAL) SE ios ccaroncoccenanscnacnctp vensate dene tenant ticccated Vcr (sat) 1 max V 
Base-to-Emitter Voltage (Vcm = 4 V, Ic = 500 mA) ..... VBE 1.7 max V 
Collector-Cutoff Current (Vcm = 90 V, Van = —1.5 V) Icrv 1 max mA 
Emitter-Cutoff Current (Ves = 7 V, Ic = 0) on... eee eeeeeee IzBo 1 max mA 
Static Forward-Current Transfer Ratio 

(View 849-V 4 Tor" 500 sr A) eee ae se a ee hrn 25 to 100 
Thermal Resistance, JUunctioNn-tO-Case ...........ccccccccessssrseveees @3-c 6 max °C/W 

TYPICAL TRANSFER CHARACTERISTICS TYPICAL COLLECTOR CHARACTERISTICS 


TYPE _ 2N3054 
COLLECTOR-TO-EMITTER VOLTS (Vpe)=4 


TYPE 2N3054 


CASE TEMPERATURE (Tc) = 25°C 


c) 


a “ 
a n 
a Wi 2, 
x a 
uJ Fy) 
a a 
Ss = 
= 4 q !. 
as 
es o 
; e 
% 8 
2 = 
: 3 


0 10 20 30 40 50 60 70 
COLLECTOR-TO-EMITTER VOLTS (VcE) 
92CS-I2305TI. 92CS-12303T 
2N3055 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in power-switching circuits, series- and 
shunt-regulator driver and output stages, and high-fidelity amplifiers in 
commercial and industrial equipment. JEDEC TO-3, Outline No.2. Termi- 
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage ......ccccsccsssccssecsssessssscsssessssseeceeess Vcso 100 V 
Collector-to-Emitter Voltage: 

NY By ul amt as Bets Ta a a ae one ee eR el 2 el Ea Rr Very 100 Vv 

FB 1 00 Ree ee A ER Ti its ands Raion Vocrr 70 Vv 

Base open (sustaining voltage) ........ccccccccssccssssssscssseceees VcEo (sus) 60 V 
Eniitter=to-Base Voltage sii ieec ii statestasscessetnonereooctnenes VEBO 7 V. 
COUSCtOre Current oak cca tabiieceate te dasa ail cade tae Ic 15 A 
Base Current ............. raaepanatesst eas ieratecaptessuscsceecseessatendee coer imeasecee airs Ip 7 A 
Transistor Dissipation: 

Ost. WO AON ys ear SS | eee Or PRP Sa lie a Pr 115 WwW 

LO ADOVEG Ut co, Cbd, 2M hee wie Ulett a, toate Umer eis Pr See curve page 112 
‘Temperature Range: 

Operating (Tc) and Storage (TsiG@) ones —65 to 200 i @; 
Pin-Soldering Temperature (10 S MAX) .o..ciecessseeeeeee Te 235 LC 
CHARACTERISTICS (At case temperature — 25°C) 

Emitter-to-Base Breakdown Voltage (Im = 5 mA, 

Io ein 1) Ree ee ae YC) SBS ee Seer at eer ie ea VR) EBO 7 min Vz 
Collector-to-Emitter Sustaining Voltage: | 

To =5) 200 aTeA ny ee OOROIN TS. ccccstisksoomeric cron tanenmerte Vcer (sus) 70 min Vq 

Dees oe TERN LB tO, 2c, eek sas es omcneechen cae anand eos tue Vcro (sus) 60 min Vv 
Collector-to-Emitter Saturation Voltage (Ic = 4 A, 

DB prs OU SUIS, ) Abert eccncncvacuscied oie ts capac maaeumaioneaseaace areata analy Vcr (sat) 1.1 max VG 
Base-to-Emitter Voltage (Vcn = 4 V, Ic = 4 A) on. VBE 1.8 max V 
Collector-Cutoff Current (Vcz = 100 V, Var = —1.5 V) Icrv 5 max mA 
Emitter-Cutoff Current (Ves = 7 V, Ic = 0) ceeeseseeeeee EBO 5 max mA © 
Static Forward-Current Transfer Ratio 

Vom Sek. Vile ak A ee ne eee ence eee hrn 20 to 70 
Thermal Resistance, Junction-to-Case ....cccccccccsscscescessesees Q@3-c 1.5 °C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 


a 
° 


_— 
e 


102 
e 
® 


COLLECTOR AMPERES (Ic) 


ctioeea™ 


Oo 10 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTS (Vc) 


92CS-12306T 


TRANSISTOR 


TYPE 2N3055 
CASE TEMPERATURE (Tc) =25°C 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N3055 
COLLECTOR-TO-EMITTER VOLTS (VpE)= 4 


O° GOS. LO LAS ee 20). 252530 
BASE-TO-EMITTER VOLTS (VpF) 


92CS-12307TI 


2N3118 


Si n-p-n triple-diffused planar type. for large-signal vhf class C and small- 
signal vhf class A amplifier applications in industrial and military com- 
munications equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 


2 - base, 3 - collector and case. 


MAXIMUM RATINGS 
“Magee nap ie ates Voltage: 


Varn = —1.5 


Temperature Range: 


Operating “"(IUNCtION)  o....5..i.ccccescscceetaecsvseccéece 
og SIRT TS OEE fe 


TOPO POSH SOS e ee re seeeeseeee ee eeee res eeeesebeneeeeese 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage: 
Ware ee ee Vy LG OL ITA corveecicc cc ecnoacces,, 


POPC H REO T OOOO EES OEE E HOES SES EE EEE O EEE EEOE SEES DOOR EEE EeEee 


Cll seuss, 
Collector-Cutoff Current: 


Reieoeee ig OTe a 95°C 
cee Vaan — 0. °T A = "150°C oe. 
Small-Signal Short-Circuit Input Impedance, 
Real Part (Vcz = 28 V, Ic = 25 mA, f = 50 Mc/s) 


a 


TYPICAL LARGE-SIGNAL CLASS C RF 
POWER-OUTPUT CHARACTERISTICS 


50} TYPE 2N3118 
°F COMMON-EMITTER CIRCUIT, BASE INPUT. 
CLASS C SERVICE, 150 Mc/s 

125, CASE TEMPERATURE (Tc) = 25°C 


RF POWER OUTPUT (PouT) — WATTS 
7 oe 
Oo a 


0 25 50 75 100 125 150 


RF POWER INPUT (Pin) — MILLIWATTS 
92CS-12273T 


SRB CR EARCe HPS VcrEv 85 V 
pane Tn ete CEO 60 V 
Ronerrree dep etee VEBO 4 V 
ea earnmer te Ic 0.5 A 
mes cant Tee inys Pr 1 WwW 
Bs a PARA OEE Pr 4 WwW 
Rene ede ts: Pr See curve page 112 
eioaconea Ty (opr) —65 to 200 if © 
Seebeck eee TstcG —65 to 200 it @: 
peeacneiin tr etiae TL 255 rc 
Pa cy V (BR) CEV 85 min V 
Part aa Visr)ceo(sus) 60min V 
PR a A a Bs V(BR)EBO 4min V 
eee aban Ay Icso 0.1 max pA 
sean ys wl Kpat IcBo 100 max LA 
Re (hie) 25 to 75 Q 
TYPICAL CLASS A RF POWER-OUTPUT 
CHARACTERISTIC 


TYPE 2N3118 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
CLASS A SERVICE, 50 Mc/s 
COLLECTOR-TO-EMITTER VOLTS (Vce)=28 
OSF COLLECTOR MILLIAMPERES (Ic)= 25 
CASE TEMPERATURE (Tc) = 25° C 


0.6 


RF POWER OUTPUT (Poyz)-WATTS 


04 
0.3 
0.2 
0.1 
0 | 2 3 4 
RF POWER INPUT (Pin) — MILLIWATTS 
9206-12278T 


230 


CHARACTERISTICS (cont’d) 


Small-Signal Short-Circuit Output Impedance, 

Real Part (Vcr = 28 V, Ic = 25 mA, f = 50 Mc/s) 
Pulsed Static Forward-Current Transfer Ratio 

(Vcr = 28 V, Ic = 25 mA, tp = 300 us, df = 1.8%) 
Small-Signal Forward-Current Transfer Ratio 


(Ven = 284V,1o-=425 mA;-fio= 504 Me/s) cena: 
Ipbb' Cb’c Product (Vcs = 28 V, Ic = 25 mA, 
f= #50 (Mc/s Mae snkecieeari ete ee ee 


Power Gain, Class A Service (with heat sink) 

(Vcz = 28 V, Ic = 25 mA, Poe = 0.2 W, f = 50 Mc/s) 
Output Capacitance (Vczs = 28 V, Ic = 0, f = 1 Mc/s) 
Power Output, Class C Oscillator Service 

(with heat sink): 


Ven "28° Vt Pi6! = 0.1 (Wet 50 MC/S 3. eee 
Ven = 28 -V,- Pie = 0.1 W, £:= 150 MC/S sccccsccccccovscse 
TRANSISTOR 
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1 (real) 500 to 1000 
Yoo 

hre(pulsed) 50 to 275 
hte 5 min 
Ipb’ Cb’c 60 max 
Gpe 18 min 
Cobo 6 max 
Poe 1 min 
Poe 0.4 min 


2N3119 


Si n-p-n triple-diffused planar type used in high-voltage, high-frequency 
pulse-amplifier and high-voltage saturated-switching applications in indus- 
trial and military equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - 


emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


CROCCO OOO eee Hee eO eee erases eeeeaeeseeeeereessseeeoeeere 


COO O HOODOO OOOOH OEE OEE OE HEED SETHE EO SEEEEED COO S EE EE OOOOH HESS OOS EOESS 
Poem meee eee eee eee see eseesee Eee Oe ee EEEE EOE HOSES DOSEHO ESSE Seer eEeeoeee Se eenenees 
SOHO OOO oer meee eee nee eeEEesssoreeeeee eres Esse seeeeeeses 


SOTO O OTH OH ESOT DET O OEE HOEE EOE STEED ESE EOE OE SESE SEED EE OEE SEES eeeE TEED 


POOP e eee eee eee Hee E EEE OEE EEE ESO OEE EOE EEE EDO SOO EEEE SEES SEED ESEEESES 
COOP ORE EROS O OOOO E ETH OOE HEHE OES S ETE OEE EO ES OEE SEEDS ESOS OEE SOOO ESSE HESS 


SOHO OHO EERE EEE OTE E OOOO EEE He eee see Eee ODESeEeEEeseeeeeeseeee 


Temperature Range: 
Operating (Junction) 
SIOraweg asset OE, ee ee 


TOPCO OOO rere eeeeere erase eee seereseeeeeeeeseeseEeesesesees 


Core eeeeesccescceceeeses 


CHARACTERISTICS (At case temperature — 25°C) 


“Renae ae tt oie Breakdown Voltage (Ic = 0.1 mA, 
on 


Pee H OOO eee eee esse Dees EEE HESS ESE EOEE TEES EEEE OES SOE SEE EE SEES ESEE ESSE HOSE SESH OS OESS 


CORPO eer er ee reese resseoeeeeeeeeeeeeeesreeseee 


ee eeceserces 
SOOO OSS O eee eee EEE EE EEe ODES EOE D SEER OSE ESEE OSES OSES OESE SEES ESSE SEES SEE EEHEEeEEeeeeee 
Pee eee err errr rrr rere ree ree eee er Teer yy 


SOOO meee eeee reer ee ee Hees OSE U HET OEESEEEUESESES EOE DEO O OEE EOOE SESE EEES ESSE SESS 


Von ss, 607 V5. bepeeanO a Cae 258 Ce ee hccccclccldic sens 
VCR == GO Vaid Muse Ose Dias a B50 8 On deed es,- cso scseocs socsdidiccoceones 


OOOO Creer eee ee ene eeeeaEee eee Eee OES EEE DEES ES EEESOSEOSEHEEE DOSE ESES EEE ES 


SOOO R OOo ee eee sere see e ee eeeeeeeeeereessseseee® 


OPP cere rere eer rr errr err rr rrr rrr reer rer TT er ery 


POET ECHO OOH HOHE SEES EOEE EEE EEEEEHEEEHEE EEE OEEEEHE DEES SESEHEEEEEE SESS 


Saturated Switch Turn-On Time (Vcc — 28 V, 
Ic = 100 mA, Is, = 10 mA) 


Saturated Switch Turn-Off Time (Vcc = 28 V, 
Ic = 100 mA, In, = —10 mA) 


SOOO H OT ee eee ece eee e sees eeeeeeesesseeneeeeeee 


OOO HOO eee eee meee ee eee eH ee eeeeeeeeee 


Vcso 100 V 
Vcrv 100 V 
Vcro 80 V 
VEBO 4 V 
Ic 0.5 A 
Pr 1 W 
Pr 4 WwW 
Pr See curve page 112 
Ts (opr) —65 to 200 EC 
TstG —65 to 200 4 
TL 255 cc 
V(BR)CBO 100 min V 
V (BR) CEV 100 min V 
Visr)ceo(sus) 80min V 
VBR) EBO 4min V 
VBE (sat) / 1.1 max V 
Vce (sat) 0.5 max V 
Icso 50 max nA 
Icso 50 max uA 
IzBo 100 max nA 
hrr 40 min 
hre(pulsed) 50 to 200 
hre (pulsed) 20 min 
fr 250 min Mc/s 
Cobo 6 max pF 
20 max ns 
ta + tr 40 max ns 
ts + tr 700 max ns 
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TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPICAL COLLECTOR-CURRENT 
CHARACTERISTICS 

2r TYPE 2N3119 

CASE TEMPERATURE (Tc) =25°C 

FREQUENCY =50 Mc/s 


hee) 


TYPE 2N3119 
COLLECTOR-TO-EMITTER VOLTS (Vcg)= 
OOFFREE-AIR TEMPERATURE Wy; “IN 


— 


So 
- 
e 3 
ti 8 
g 80 2 3 
Z a 7+ AT 
= aif 
+ 60 55 
= ae 
w = 
a 
= 40 a 3 
3 ro) 
2 S 
2 
& 20 4 
Fa re) a Gai ot a aR) 
5 Siig EEE: WPM Ese sera maaes oeeeve ees 
o 0.01 0.1 1.0 10 100 1000 © 5 10 15 20 25 30 35 40 45 50 
= COLLECTOR MILLIAMPERES (Ic) COLLECTOR-TO-EMITTER VOLTS (Vc_e) 
92CS-l2280T 92CS-I2286T 


Si n-p-n triple-diffused planar type used in large-signal, high-power AM 


? 


FM, and ecw applications at vhf frequencies in industrial and military, com- 
munications equipment. JEDEC TO-60, Outline No.20. Terminals: 1 - 
emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 

BOOMSOCEOEHLOeESASE ~VOIARC ons s..csnivssnsnsnercensoncqssnscootaccoansecsenseves Vcso 105 V 
Collector-to-Emitter Voltage: 

i PRR MD is nc. % en dedes Veena ctindsoanpanheaedvcsscbions teaowals cs ye ceveieca’ Vcrv 105 V 

Base “open Bente toe i saccsncecadectcucersesevantuacattaiciciaeth i cisiast's VcEO 60 V 
Emitter-to-Base Voltage  ............ccccccscscsssssssssssnees VEBO 4 V 
SNe RE RE OTN 0505 fj) van cpusbeces'sgdese ve sadeosicabnsodesCoode’sseaWthaalesuns Ic 2.5 A 
Transistor Dissipation: 

RMR TE sd ee cee soso oSnonccceniisdahebecdastys.tesanonee ed tbc iaM eke Pr 17.5 

ER oles nc coianci gist coudssossucewsocasseacessesadents duavazci dans Pr See curve page 112 
Temperature Range: 

Re ME RUIEIOTIONY osc coheed ececihcceos, divvsecccarcsisconsnCeghcetocceccse Ts (opr) —65 to 200 TC 

RY ie 8 nln a ee ee eee eee TstTG —65 to 200 4: 
Pin-Soldering Temperature (10 s TNA Kimctecisesrstee teeters Te 230 SC 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Base Breakdown Voltage (Ic = 0.5 mA, 

a ae aie heey oad dada vaksnsanus'ck cad cecinadascsnenceasvaseneses VBR)CBO 105 min V 
Collector-to-Emitter Breakdown Voltage: 

Deine tetpe—ne te Vg CO OD TAN ne iciincssacecscsblessessnddeocezece VBR) CEV 105 min V 

Ic = 500 mA, Iz = 0, tp OL US, (Afi wee ee Visryceo(sus) 60min V 
Emitter-to- Base Breakdown Voltage (In = 0.1 mA, 

TO ce nnn copes Sas Se oma cccescsakocnced nsdiadoceocestnbsncsDileiedeces VBR) EBO . 4min Vv 
Collector-to-Emitter Saturation Voltage (Ic = 2.5 A, 

Ne NINE) soc enc ces beck cbs Duds nagehsabesoudtstaleovneeSthcedtibocnencsane Vcr (sat) 1 max Vv 
Collector-Cutoff Current (Vcs = 30 V, Im = 0) vu... CBO 0.1 max LA 
Intrinsic Base-Spreading Resistance (Vcr = 28 V, 

errr NR PE ROO NICS) uns. cavnsscivesviccrececcccsssccgesseccesseved Ypb’ 6 Q 


TYPE 2N3229 
TO AVOID SECOND BREAKDOWN THE BIAS 
POINT FOR CLASS A OPERATION MUST BE 


2°) LOCATED IN REGION A 

beet et 
s OD HH 
£ osu yr 

2 GY». 


LLL. 7 aan 


60 
° COLLECTOR = 0 EMITTER VOLTS (VcE) 
92CS-12038T 


TYPICAL OPERATION CHARACTERISTICS 


TYPE 2N3229 
COLLECTOR-TO-EMITTER VOLTS (Vcg)= 50 
CASE TEMPERATURE (Tc)= 25°C 


ca see 
CREST 


50 60 70 8090100 
FREQUENCY —Mc/s 


150 200 


92CS-12427T 


232 


CHARACTERISTICS (cont'd) 


Gain-Bandwidth Product (Vcr = 28 V, Io = = 250 mA) 


Output Capacitance (Vcs = 30 V, In = 0, 
f = 140 kc/s) 
Collector-to-Case Capacitance 
RF Power Output, Unneutralized: 
Vcc = 50 V, 


2N3230 


Coe Pema ee esas reese ees eeee ses eee e EEE EEE SESE HESS SEED DEED SEES EE EHEEEEESOS 


Doce eerceeeneeeseese ress ssseseereserseeesseene 


Ic = 500 mA, Piz = 2 W, f = 50 Mc/s 
Vcc = 50 V, Ic = 250 mA, Piz = 1 W, f = 150 Mc/s 
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fr 


Cobo 
Cc 


Por 
Por 


200 typ 


20 max 
6 max 


15 min 
5 min 


MULTIUNIT SEMICONDUCTOR DEVICE 


Two Si n-p-n epitaxial planar transistors and a commutating diode used in 
high-speed switching and high-gain linear amplifier applications for aero- 
space, military, and industrial service. The transistors are internally con- 
nected to form an amplifier (Darlington) circuit, and the diode is connected 
across the output transistor. Outline No.25. Terminals: 1 - base 2, 2 - emitter, 


3 - collector, 4 - base 1. 
MAXIMUM RATINGS 


Collector-to-Base 1 Voltage (base 2 and emitter open) 


Collector-to-Emitter Voltage: 
Vz,5 = —1.5 V, Raz = 50 


RB WANG Re Be 50 eee ssscesceseocnsnsensesnoeresereaess mee aah 


Base 1 and anes 2 open 


Emitter-to-Base 1 Voltage (collector and base 2 open) 


Collector FCuUrren Gan. cerscecskcceaeeseece eos aeeeecoveeaseeatencoceue coneedeeroceeee 
ASG wlg Current ier. ceccecticccccsectcctee se cccacuuetes vec tecssesvecesuseugeey ina ceceaears 


Diode Current 
Transistor Dissipation: 
Tc up to 25°C 


Temperature Range: 
Operating (Tc) and (Tst«) 
Lead-Soldering Temperature (10 s max) 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter rete 


Corer ree eresaree evga reeveseresevensoesenese® 


Coe ere eee ee Oe ETE EE OHO O RESO SERTOOSSOS OSE SETS ES ES OES 


Pee Oe Ce HOE HOODOO O EOD ODO SE DESO OOO SOD ESE OOOO DS DESEO TD OO OSES EEEESESODOO® 


Coro eee EHO LOE DELLE SOD EE LEDS O SOE SOTO SOO DEST SSES EE SETOT SOAS O OO OOSE OCOD 


TE VADOV Ores CON ceshese se rere vtech a oki secu seCE aa Na NN Se STOVE UTERINE? a 


Coco rree rene raedcereenesecsse ses esseeseoeseeues 


Oeoeccereesccervesocece 


Sine dididie < 


25 Ww 
See curve page 112 


Var = — Vp EU Ba Bic = cy 02 Wet ravevuecstesvic reaver teaaae tess 
Rye S 50 0, To = 50 MA, Ip, = O ereeessesssssssssssserstarteren 
Rp, bp 250 0, Rap = 50 0,°1o = 50 MA. ..nccscssmnssseeees 


Tots -e p0"mMA, tine and olp, == 10) eecer.cvesecsgavemneneees tas reat 


Collector-to-Emitter Saturation Voltage (In, = 3 mA, 


1622 


A, In, = 


0) 


Pecpecccesoce 


COOP CoO rerereeaseeersraeeereseessereseseerose® 


Base 1-to-Emitter Saturation Voltage (Is, = 3 mA, 


Ic = 2 A, Is, = 0) 


Coccveveosces 


CoD eeceseceeserscessseresesovessscerseeoseeeees 


Base 1-to-Emitter Voltage (Vcz = 4 V, Ic = 2 A, 


Boge ea Oe tasesaansedctiws cuca span eeeOnnty anna tat cde Gaboen iets okeskacscacBsecoyoenosaacs 
Collector-Cutoff Current: 

Ven =‘50°V, In, and Is, = 0; To = 25°C. ..... kane: 

Vem — 50-V, Ip andsip. = 0, Te Sti 2b Co eaeersscies 

Rae = 50 0, Vow = 80 V, - VByw = —1.5 Vii ceseosecsseees 


Emitter-Cutoff Current (Ves, = 10 V, 
In, and Ic = 0) 
Static Forward-Current Transfer Ratio: 


Vcr = 4V 


poi Cok ars 


:/ABg == 0 


POCO eee re OO EEO OOO EEO EOE SOD ERED OOOO OES EROS ESE ODE H EEE DE OHSS TEESE 


COU C eee oesceerenersssaerssaeseeesseee 


Gain-Bandwidth Product (Vcr = 


PV CWT ey Vig EO Bee ce g LBG s O o vere ret ecasvessvesan cassie aesunatioact 
PV CRD eb So Vip RO mat SUN IVT Age By het Ong cetsaretees ce¥wasovatson ves cesaaect 


10 V3-Ic = 1A; 
DS ee pk eed) INE CH SIT sp ckeeet sich cesincsntomes ane q aca ccgusneetaaseteiace ine 


Collector-to-Base 1 Capacitance (Vcs, = 10 V, 


Tes AN Bie BOT hea MLC / 8 ) 0 an. ooze cnantavasnstestsceevovgt <Wvecters cons 


Collector-to-Base 2 Capacitance (Vcsa, = 10 V, 


ED ATIC kOe he SILC) SY ccccnccstscectee vsovaryesast sense baanen 


Turn-On Time, Saturated Switch (Vcx 
In,(on) = 4 mA, Is, (off) = —8 
Storage Time (Vcz = 28 V, Is,(on) = 4 mA, 
In, (off) = —8 mA, Ic = 2 A) 
Fall Time (Vcr = 28 V, Is,(on) = 4 mA, 


== 28 VN, 


Ts (Off ii 8 (MA 10 BGA), Fis preseetcnctacoannusereccsabaieeat tir 


mA, Ico = 2A)... 


COO O Ore reese H ewer reer esse eeee esse ress 


Vcs,0 80 
Vcryv 80 
Vcrr (sus) 60 
Vcero (sus) 60 
VEB,0 10 
Ic 7 
Is, 100 
Ip 5 
Pr 
Pr 

—55 to 200 
TL 235 
VF 2max 
VBR) CEV 80 min 
Visr)ceR, (sus) 60min 
Visr)cHr, (sus) 80min 
Vosr)cro(sus) 60min 
Vce (sat) 1.4 max 
VB,E (sat) 2 max 
VBE 1.8 max 
Icro 100 max 
Icro 1.5 max 
Icrv 2 max 
TeB,0 50 max 
hre 1000 min 
hre 2000 to 20000 
hre 1000 min 
fr 40 min 
Cob,o0 60 max 
Cob,0 200 max 
ta + tr 350 max 
ts 1600 max 
tr 550 max 


°C 
°C 


Mc/s 
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CHARACTERISTICS (cont'd) 
Commutating-Diode Forward Voltage (Ic = 2 A, 


Bee ULOTA Poo. osicccccnsaseocescovassecvarcecdegcose joccceeseeeedosceceen, Vr 2 max 
Thermal Resistance, Junction-to-Case ooeecccccccccccccssccesceess O3s-c 7 max °C/W 
ate 165 Sl oR dea TYPICAL TRANSFER CHARACTERISTICS 
12000 ec TYPE 2N3230 


TYPE 2N3230 CASE TEMPERATURE (Tc)= 25°C 


a CASE TEMPERATURE Os 
5 “us10000 4 
ax uw 
50 8000 ti 
‘ 5 = : 
2 6000 < 
$f s* 
=% 4000 O Be J Aisi ial ee se 
Ose w 2 i 
ge = eve abel | head 
8 2000 3 | | 


Fs eA ae ea 


Gah 4.6 8 5-12 SS, 2 eae s fo) \ 
nee bay ule Her roca Pree legen we ety ee) ae 
MULTIUNIT SEMICONDUCTOR DEVICE 2N323]1 


Two Si n-p-n epitaxial planar transistors and a commutating diode used in 
high-speed switching and high-gain linear amplifier applications for aero- 
space, military, and industrial service. The transistors are internally con- 
nected to form an amplifier (Darlington) circuit, and the diode is connected 
across the output transistor. Outline No.25. Terminals: 1 - base 2, 2 - emitter, 
3 - collector, 4 - base 1. This type is identical with type 2N3230 except for 
the following items: 


MAXIMUM RATINGS 


Collector-to-Base Voltage (base 2 and emitter open) Vcs,o 100 Vv 
Collector-to-Emitter Voltage: 
eae ered AW geER EE HAN SO SC) La ealivscceci esas chsnsetiivastcvaesdesslene Vocrv 100 V 
Bi ee eeea mR Mire 5) Oo. oo Sagas id dackacpuastcdacssvadssariestsstécceccad> Vcerr (sus) 80 V 
Boe ANIC DASE 9 o-OPCT) © i.).cioc.cicccosescoasecsecesesesccosencovanecsedece Vcero (sus) 80 Vv 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown (Sustaining): 
eee es VG LEUB B= SO: ON hori es cdgicscscscssabscsetsdetecesea VBR) CEV 100 min Vv 
Ree Me OO, FG. == 50 MAG. TH) 10 oon casecsssccslecssscnctan Vcer)cerR,(sus) 80min V 
ee 0 nite BE! ==) 50.0), 16s 50. MA oo. escscosenncascosess Vier)ceR, (sus) 100 min Vv 
Pee ATs, FEB ATION TE 2.0 s.. ice capsscedhiccesscecsccssoelocoteseees Vcer)ceo(sus) 80min V 
Collector-Cutoff Current (Ra,r = 50 0, Vcr = 100 V, 
ee TG eet, a, S505 b vosdnssancndsasveneuipesesocstcscre Icrv 2 max mA 
Storage Time (Vcr = 28 V, In,(on) = 4 mA, 
Bi ee ree ITY EG es ALY rica 5s Slapaus snes AWG Seater ts 1250 max ns 
Fall Time (Vcr = 28 V, Izn,(on) = 4 mA, 
Re ommpe BOT AG EO 2 A) csdiacccasateossiceastsagisessdncosesaes tr 400 max ns 


TRANSISTOR 2N3241 


Si n-p-n planar type for high-gain, low-noise amplifier applications in com- 
mercial and industrial equipment. Outline No.26 (3-lead). Terminals: 1 - 
emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (Vem = —1.5 V) voces Vesvy | 30 Vv 
Collector-to-Emitter Voltage  o..cccccccccccccssccssssscesssccssscesssecesccs Vcro 25 V 
PIMA POCeROeEaRSE! VOILAGEC 85.2. .222c...05.cicieceessesearcosscsesnesonscasdiarececnss Verso 5 Vv 
eR RE NER TNG occ at sche sceccacasecccnecscouscstecucceevonnencohderenbsccecouccbccobes Ic 100 mA 
ae ARUN nc Lov aon csdaennescercocacnsevsesecde noes ceosde chee cel eke eleecbad Iz —100 mA 
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MAXIMUM RATINGS (cont’d) 


Transistor Dissipation: 


RCA Transistor Manual 


TR EP LO Ad Coons sch soenzecanetechceenucter shasdute codices sistdtdeiscessadimeteens Pr 0.5 WwW 

Le RIP eNO Abs Gt eaeee Pr 2 WwW 

Ta or Tc above 25°C Pr See curve page 112 
Temperature Range: 

Operating. «CI UNCION Jims Mare capes ozerersvattocanerdecsdsccuccuseteoteeeenre Ts (opr) —65 to 175 Md @ 

BTOLARC ie athe arr a ae tatok Se Lc Leaves toc sboce skaseakor he etmecee coe TstG —65 to 175 hel 
Lead-Soldering Temperature (10 S MAX)  .0...........cceeseeeeee TL 255 cc 
CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (Vaz = —1 V, 

i Wo Mbreeahs {tiers Wp ecanent.  Seve: 9 bi AR MT I oS pe rele cia 5 Ae VBR) cBY 30 min V 
Collector- to-Emitter Breakdown Voltage (Ic = 10 mA, 

B51) Wp earrene decile BE Flee Ss oatageen coe 1 Pena OS TR a aP VBR) CEO 25 min V 
Emitter-to-Base Breakdown Voltage (Im = 50 wA, ; 

Moje 1) Uh nie rn y Ser a Soins Sn te os ee Oe Ne A Oe | V (BR) EBO 5 min V 
Collector-to-Emitter Saturation Voltage (Ic = 50 mA, 

1 Ghee Ab Wh 600 5G) tl ce Re sts ih albed Sears ear ds MORMON TD RRR chen copter 5 Vcr (sat) 1 max V 
Base-to-Emitter Saturation Voltage (Ic = 50 mA, 

1 fy gestae 00's lp Meare eetnees eis. i ea, By Mine Peer D Mites ee Be A BS Sete Vax (sat) 0.8 V 
Collector-Cutoff Current: 

Vic 225 aie ln a 0 aE ape Oe oS costae tonsasteree odes eneeene Icgo 100 max nA 

WCB Pee mV LO a= 9 Onde Luar es On conc conesoreavac cs otpueeteearcureaen IcBo 10 max pA 
Emitter-Cutoff Current (Ven = == ay Ah eal a sasernas 19 eg eS Izzo 100 max nA 
Static Forward-Current Transfer Ratio (Vcx = 12 V, 2 

Toe F LO FHA ae eo ee cae de eh eed Sakon eacinen sca kes hre 50 min 
Small-Signal Forward-Current Transfer Ratio 

(Went 120V eR Go 101mAy fo ER C/S) oe ceneeete hte 70 to 250 
Gain-Bandwidth Product (Vcr = 6 V, Ic = 1 mA) ..... fr 60 Mc/s 
Intrinsic Base-Spreading Resistance (Vcr = 60 V, 

Pepssabkenr Ass fl OO) NEC) S ).Ac.ccsd.cthessacdocotcesenssstaddenctowsessertatetoce Ybb’ 20 OF 
Output Capacitance (Vcs = 6 V, Iz = 0, 

fall: ke/s) Subita deh cakbuieh smecdae ferEgesecash ips Gh dios Sap eed nddecas Ete es adébadeoeee Cobo 22 pF 
Noise Figure (Vcr = 6 V, Re = 1000 Q, ; 

Ic = 0.5 mA, f = 1 Kce/s, circuit bandwidth = 1 c/s) NF 10 max dB 
Small-Signal Input Impedance (Vcr = 12 V, 

RCo tL OVA et ca lo KOS) cccsassavtecisnseiestee rtscdiecteeeaenet evtetets hie 600 Q 
Small-Signal Gutput Admittance (Vczs = 12 V, 

Lops LO Aye bes PEK CS) buh. nsasscacres acsceesecperecccvererousereeors hoe 75  pwmbhos 
Small-Signal Reverse-Voltage Bice Ratio 

(Vien 12 even lc= 10s Ah ele Ke/S) ee ee ceca hHre 125 x 10-6 
Thermal — Resistance, JunenGd to. Case at ARMA AEs Qs-c 300 max 5C/W 
Thermal Resistance, Junction-to-Ambient ..............::ccc00 Os-A 50 max C/W 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
175 —————SESSS 


TYPE 2N3241 
COMMON-EMITTER CIRCUIT,BASE INPUT. 
150} FREE-AIR TEMPERATURE (Tra)=25°C 


TYPE 2N3241 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tea) =25°C 
COLLECTOR-TO-EMITTER VOLTS 


oO - 

= c 

g : 

©" 125 = 

S a 

< 100 | 

-! al | 5 
a cs ca 

= 75 = ei 

: Sane 

© 50 a ool 

re g an eee oe 
4 oF ae Baad 
2 25 5 as Ts 
EEE 

fe) 5 10 15 20 0.! 
COLLECTOR - TO - EMITTER VOLTS (Vc_) Oe becca is —as8 ucese 5 oe “a7 


92CS-12397T 


92CS-12389T 


2N3242 TRANSISTOR 


Si n-p-n planar type for high-gain, low-noise amplifier applications in com- 
mercial and industrial equipment. It is especially suitable for high-input 
impedance, direct-coupled amplifier stages. Outline No.26 (3-lead). Termi- 
nals: 1 - emitter, 2 - base, 3 - collector and case. This type is identical with 


type 2N3241 except for the following items: 
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MAXIMUM RATINGS 


ES STS 0 
SS 5 | a a 


CHARACTERISTICS 


Collector-Cutoff Current: 


Yee Bo ede | Lt I ees Sad ao 
Ware t200V, len 0; ‘Ta’ =. 150°C 'v...coc.cces 


(Ver i=42/V,-Ic = 10:mA; f.= 1 ke/s) 


COMPUTER TRANSISTOR 


Seem eee mne ees seeeeeeveenees 


Rey eee Ic 200 mA 

EN RAE Seid Iz —200 mA 

set. Oe. IcBo 10 max nA 

eae «cea bees ee IcBo 10 max uA 
eee IrBo 10 max nA 

pF Re hrpr 75 min 

EP ee ee ee hte 100 to 375 

RAE ae eae ena NF 6 max dB 


2N3261 


Si n-p-n epitaxial planar type used in high-speed switching applications in 
military and commercial data-processing equipment such as digital-logic 
circuits, terminated-line-driver service, and as a high-speed-memory driver. 
JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 2 - base, 3 - collector 


and case. 
MAXIMUM RATINGS 
OB COr at ASO] V Ola Bee reich vccccdscbevdiescasGhossncssessecnsejenctocsene Vcso 40 V 
Collector-to-Emitter Voltage ouncciccccccclccsscecccsccsscesssocepseectedsivess VcrEo 15 Vv 
Bee RH LOe ASC | VO aR oad. cesses cubic cseadessevecwaeoeesssancooheboreceolee VEBO 6 V 
Reema RET OT els F Laie Sicancsassonedgotepsaicol ce Ic 500 mA 
Transistor Dissipation: 

UNLISTED POF” cd So ee a rele ees a ee 1 Pr 0.3 WwW 

BE ae oot ere ek fo aise colar iu Bssisccessscbh hice Pr 1 W 

PRM R OME, 25K E po vcnccs shcbossredechsncsorcolévacssscoosehtecovoman Pr See curve page 112 
Temperature Range: 

REPRE AEM ate CMe Le Mo ccc cay sztiscs Meg ct eh aeel sivctt Been caseocse een —65 to 175 Ae 

SU a. ie Sata OY ee > Rm NT Sl) tt Tstc¢ —65 to 200 MC: 
Lead-Soldering Temperature (10 s Max) ceeccccccccscccseccss Tu 230 SG 
CHARACTERISTICS 
ta Mee Breakdown Voltage (Ic — 0.01 mA, 

ees 0) Mec neces Te serine 53. Gorse Mase. hovi nes otdCidcesssascne nanseoa terrence ; i 
Collector-to-Emitter Breakdown Voliage (ic = 10 mA, NL BECEe ey, Ms 

B= OF. tp = US, Sr) de kets te Re ee Ta, 1 i V 
piece ease Breakdown Voltage (Iz = 0.01 mA, AE og 

Ee MEG racos anes. sspnstsntcavssavescarsen see sceste cogs dose covecencdessdoecesenascotececenese 6 min V 
Sap en ee as Saturation Voltage (Ic = 100 mA, piepEpe he 

he BADEN) SMe Cesar Sede eo esck ee oak Fa kacncces s Sts oGvanteceocn anak te ee erastode V sat 0.8 to 1.1 V 
Se amy amas pa eeionsy oliage (Ic = 100 mA, he oY 

— RIDES eth == MLOOS IS, VOL = 29 rok eee t 0. V 
Base-Cutoff Current (Vce = 15 Vv, Viewiy'=0)- ada. ventral age ipa os nA 
ee gee : 

Che ME eR sh DOS occ cewaceosiccciavcteeccncee Ick 25 max nA 

Wienj=-015,V5.Ver = 0,.Ts — 150°C Ten eens he 


TYPICAL DC FORWARD- CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPE 2N326I ; 
80| COMMON-EMITTER CIRCUIT, BASE INPUT, __ 
FREE-AIR TEMPERATURE (Tra) = 25°C 


DC FORWARD -CURRENT 
TRANSFER RATIO (hee) 


ae S| | Lh Tent 
\ 2 4 6 Bio 2 4 6 81909 2 45 


COLLECTOR MILLIAMPERES (Ic) 
92CS-12538T 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N3261 
COMMON -EMITTER CIRCUIT, BASE INPUT. 


8) FREE-AIR TEMPERATURE (Tra)=150°C 
ST COLLECTOR-TO-EMITTER VOLTS (VcE)=!5 


> 
tJ 
oO 
kas} 
n 4 
o 
i 4 
z 
2 100, 
2 Un 
= 
4 
S 
2 
= 10 
8s 
4 
(0) 0.5 


0.1 0.2 0.3 0.4 
BASE-TO-EMITTER VOLTS (Vpe_) 
92CS-12850TI 


236 


CHARACTERISTICS (cont'd) 


Static Forward-Current Transfer Ratio: 
Vicne—VIeVe te = 10 MARTA sar 25 Caer nmeciemee ee 
Vieng Wl Ve ele 10) MAR Ta woe Cu cweceece eet tee 
Pulsed Static Forward-Current Transfer Ratio: 
Vow 1s Veiice— "100 mA, tp = 300° gs; di = 2% 
Vcr = 1 V, Ic = 200 mA, tp = 300 us, df = 2% . 
Smaill-Signal Forward-Current Transfer Ratio: 
Vczs = 1 V, Ic = 100 mA, f = 100 Mc/s .................... 
Ven!) = 10° VV, io =*10 mA, £'="100 Mc/s nk ile 
Input Capacitance (Ves = 0.5 V, Ic = 0, f = 1 Mc/s) 
Output Capacitance (Vcs = 5 V, In = 0, f = 1 Mc/s) 


Delay Time (Vcc = 6 V, Vsr(off) = —4 V, 

Inj 10; mA; -Ics =.100: mA, Is, = °--10.'mA)..22.,.20 
Rise Time (Vcc = 6 V, Var(off) = —4 V, Ini = 10 mA, 

Tesi=—*1 002m AS tes 1 0rm A) ee eee 
Fall Time (Vcc = 6 V, Is, = 10 mA, 

Loa tas LOO CTH A scEB Som teh 0 gr A) 65, assaf. Saath cazaane shah udsonbone 
Storage Time (Vcc = 6 V, In, = 10 mA, 

Tos! ==, 100 mAs oI as -—10, TA)? pees capenncansves snereneconspshavparcied 


TYPICAL RISE-TIME CHARACTERISTICS 


2-TYPE 2N3261 
COMMON -EMITTER CIRCUIT, BASE INPUT. 
OO}FREE -AIR TEMPERATURE (Tra)= 25°C 
SF COLLECTOR SUPPLY VOLTS (Vcc)=3 
"OFF" BASE -TO-EMITTER VOLTS [Vp_( of f)]=-4 
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hre 
hrr 


hre (pulsed) 
hrr (pulsed) 


ts 


TYPE 2N326I 

2- COMMON-EMITTER CIRCUIT, BASE. INPUT. 
FREE-AIR TEMPERATURE (Tra) =25°C 

100 }COLLECTOR-SUPPLY VOLTS (Vcc)=3 
8-"ON"COLLECTOR MILLIAMP 


40 to 150 
20 min 


30 min 
20 min 


10 max 


RISE TIME (f-) — NANOSECONDS 


STORAGE TIME (+,)— NANOSECONDS 


10 
8 
” Pee 
6 
erg ET ' 
SSX 
2 Sh 4 
LL [50S 99] | 
a 6 8 ¢ 
0.01 2 4 6 Bo 2 | 


RATIO OF "TURN-ON" BASE CURRENT 
TO"ON" COLLECTOR CURRENT (Ig, /Ic) 0.0! 


2N3262 


4 6 8o| 2 


RATIO OF "TURN-OFF" BASE CURRENT 
TO "ON" COLLECTOR CURRENT (1p5/Ic) 


TRANSISTOR 


ERES (I¢)=200 


ns 


ns 


TYPICAL STORAGE-TIME CHARACTERISTICS 


92CS-12559T 


Si n-p-n triple-diffused planar type used in high-voltage, high-frequency 
pulse-amplifier and high-voltage saturated-switching applications in indus- 
trial and military equipment. JEDEC TO-39, Outline No.12. Terminals: 1 - 


emitter, 2 - base, 3 - collector and case. 
MAXIMUM RATINGS 


Collector-to-Base Voltage ® o...c..ccccccscceccccccsecssesscssosssssscesscescce dele 
Collector-to-Emitter Voltage: 

Vsz = —1.5 V 

Base open (sustaining voltage) 
Emitter-to-Base Voltage 
Collettors Currents ieee ee. a DM ckssccc kee 
Transistor Dissipation: 

Ta up to 25°C 

Tc up to 25°C 

Ta or Tc above 25°C 
Temperature Range: 

Operating (Ta-Tc) and Storage (Tst«c) 
Lead-Soldering Temperature (10 s max) 


POPP OTe e Peer em eee eee reese eee ease ese SEHE HEHE SEES EEES HEE ESESEEEHESESEEES 


POPP Hee eee e rene eres aren reer esses eeeneee 


POOR e eRe ene e eee eee eee eess eee eae ee eee Hee HEE HHEBesesees 


ee eee eee errr reer errr rrr rere rere errr ee eee err ree 


eee ee eeeeeseseeee 


OPP eee eEC EO err retire rig) 


Sone eee e ween enon eeeeeees 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage 
Vse = —1.5 V, Ic = 0.25 mA) 
eritehbeaas Hedeges $3 Breakdown Voltage (Im = 0.1 mA, 
CLM EE Po ccenscegaesConevessquaaes crt ses tedemeseoastectcteebacrecsccccteteecteertedeceecdacede 
Collector-to-Emitter Sustaining Voltage: 
Ic = 500 mA, Raz = 10 2, tp = 15 us, df = 1.5%" ..: 
Ic*= 500: mA; Is = 10, ty = 15 psy Att Se... 


SAA O Mme eens meee rene eens sees eeeseeeseene 


Vcso 
Vcry 


Vcro (sus) 


VEBO 
Ic 


VBR) CEYV 
VBR) EBO 


Vcer (sus) 
Vcro (sus) 


1 
8.75 


Ha pddd < 


See curve page 112 


—65 to 200 
230 


100 min 
4min 


90 min 
80 min 


°C 


<< <4 < 
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CHARACTERISTICS (cont'd) 


Rn Saturation Voltage (Ic = 


Is = 100 mA 
Base-to-Emitter Saturation Voltage 
In = 100 mA) 


Seen eee ee renee ceeccceereeseeeseses 


PO Oe eee eereererscsaseresseessesess 


eee ewes reeraeeserreesecreseessesesesees 


eo eee eeseees 


Pulse-Amplifier Rise Time (Vcc = 80 V, 


POCO PCOO OOD OD ee EOE HES eeE DEE OE EEE EDEL E EOE EE DEES OEE eer eeesereeedeeeceeeeeeS 


Turn-On Time, Saturated eee (Voo = 28: V, 


Ic = 1A, In, = 100 mA 


Turn-Off Time, Saturated re Nees (Vcc = 28 V, 


Ic = 1) Aj Ine = —100 mA 


14 


Pore reeereeseee 


eereeeesee 
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1 A, 
Be eee Tk hea tee en Vcr (sat) 0.6 max Vv 
Clon eA 

AA eu Hatiaey Ma Se cteed UI eee VBE (sat) 1.4 max V 
Recalnetere ula. gedarins: tt iaD NE Fal Icso 0.1 max uA 
cates ois IEBo 100 max pA 

eA re = than Weeheaatent 4st a8 hre 40 min 

DOT WIC S) Be coece hte 3 min 
Siow O90 IMs) Cibo 300 max pF 
Cobo 20 max pF 
tr 20 max ns 
pens SnEeeaca aoreue | eomeetee eae ta + tr 40 max ns 
Geta atvhsuntdawacgseveweceesaasve ts + tr 750 max ns 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N3262. 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tra) = 25°C 


COLLECTOR MILLIAMPERES (Ic) 


E MILLIAMPERES (Ig)=O | J[ ‘| 
0 20 40 60 80 100 120 

COLLECTOR-TO-EMITTER VOLTS (VcE) 
92CS-12454T 


POWER TRANSISTOR 


0.2 04 


: x 0.6 0.8 
BASE -TO-EMITTER VOLTS (Vpe) 


92CS-12449T 


2N3263 


Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. Outline No.24. Terminals: 


B - base, E - emitter, C - collector and case. 
MAXIMUM RATINGS 


SOPHO H OOOO eee eee e EEE eee eeeeeenseeeeseeeesseeeeseces 


POPS e ROTO rene eee ree eee eee eee ee ee eee EOEe EEO EH Ee eDeEeseseeeseeneseee 


SPOOR OLE E ESTO CED ODED EEE EEO Ee OEE OEE EEE EEO EOE EE OO EEE EEEeEerereseneseeeces 


TOO erro ereseorsreee scorer ree ees eeeseseeeesenesees 


ERT GRD STS 91 4 Cn RR il 

Transistor Dissipation 

Temperature Range: 
Gperating (Junction) 
Storage 


PORTER O meee eee E Eee eee eee eee eee sees ees eeeseEeeessesesseeeee 


POOP O OOOO eee eee OEE SEES EDO DSOEEEEEE EOE SEED EEE OEOE ESSE ESE ES ESSE ESSE EEEseeeeeseeeeonCe 


Vczso 


VcrEv 


Vcer (sus) 
VcEo (sus) 


EBO 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Sustaining Voltage: 
Pewee eran O ope hohe eee 
ae aN re CBE he OC) pe on. hi anclacossecksaczcarssomoce decree 


(ij es As 1B — 1.2 A, tp-—. 350: us, df sS.2%)\ .2:.. 
Base-to-Emitter Saturation Voltage 
(Ic = 15 A, In = 1.5 A, tp = 350 us, df S 2%) 


eveeecee 


Emitter-to-Base Voltage (Iz = 0.02 A, Ic O) ier eee Ss 
Collector-Cutoff Current: 
Men = 250)V; Vaz = —1:5 V, te SPRATT Ch Ee SS ar ta 


Pee eee ren eeereeeersseereseseeeeoneees 


Vcp = 80 V, In = 0, Tc = 25°C 
See gta Os LC T2569 Coos oecvocsc cee 


Vcs 


VcKo (sus) 
VceEr (sus) 


Vcr (sat) 


VBE (sat) 
VEBO 


Icrv 
IcBo 
Icso 


150 V 

150 Vv 

110 V 

90 V 

7 V 

25 A 

10 A 

See Rating Chart 
—65 to 200 5c 
—65 to 200 sf & 
90 min V 
110 min Vv 
0.75 max Vv 
1.6 max V 

7 min V 

20 max mA 

4 max mA 

4 max mA 


238 7 RCA Transistor Manual 


CHARACTERISTICS (cont’d) 


Emitter-Cutoff Current: 


YA oye Yk Ack Wolecmall (eed Wola 7-43 ik Ong rn he nerneaeerenocoacceecee InBo 5 max mA 

Vink 6D Vise LO 0 OFT Ces 125° Vo oeirtcssczsctetnteseetectccenacececcctes IrBo 5 max mA 
Pulsed Static Forward-Current Transfer Ratio: 

Vic SV ee Le Art p= COONS nO he 2 Comers hre (pulsed) 25 to 75 

Vion 4 Veclo — 120 7Ae stp ODO NUS, Oi 2 oleae eee hrs (pulsed) 20 min 
Collector- to-Base Feedback Capacitance 

(Vee 5 100V-6 Ti =" 0 Fi SL Mc/s) Saiicccccstecseccetesncces Cb’c 900 max pF 
Turn-On Time, Saturated Switch ne = 30,5V3 

Teh lopAwwip se — le Ay ie 12 A) Bees aacasseeerecias ta + tr 0.5 max LS 
Fall Time, Saturated Switch (Vcc = 30 V, 

Ici 15, A,elee = 1-2,A; Tap ol 2A ee, ai wcctsnsaess tr 0.5 max us 
Storage Time, Saturated Switch eS a = 305,V3 

AG Lome te ee ASR ee al 2h) Oe cece ecorsceenonne ts 1.5 max — HS 
Gain-Bandwidth Product (Vcr = 10 V, / 

TOA SAS Eh 5, MG/S) a bectiteccsacesstevser tocar awrsesctscosmonsccsaceeveces fr 20 min Mc/s 
Second-Breakdown Current, Safe Operating ; 

REGIONE GV Gr eh 1D LV.) D icerhlts caer caae oe atte ter aoe cacs oes ce Seeneetaned Is/b 350 min mA 
Second-Breakdown Energy, Safe Operating 

Region (Var = —6 V, Ic = 10 A, Ree = 20 Q, : 

his Soey 4) 0S Baa eee ee RG nano es Seen rer een oe Es/»b 2 min mJ 
Thermal Resistance, Junction-to-Case ........eeee eee Qs-c 1.5 max °C/W 

TYPICAL TRANSFER CHARACTERISTICS TYPICAL DC FORWARD—CURRENT 


TRANSFER—RATIO CHARACTERISTICS 


TYPE 2N3263 
COLLECTOR-TO-EMITTER VOLTS (Voge) =3 


TYPE 2N3263 
COLLECTOR-TO—EMITTER VOLTS (VcF)=3 
“be 0 oi aaa oe Oe es 


irs) 240 
=] 10 = Ww 
i £200 
i So 
s CE 160 
<q 1.05 — fas 
ra cr 
S Ji 120 
we 
a oe 
4 ol uz 80 
: Ze 
© 
: ates eee a oe 
CONN eae tate eee et] se Fu tee Leek eo |] ; 
20.4 *0615 6.8510) 1. 2eaeel 4a. 
BASE-TO- EMITTER VOLTS (Var) wae 
92CS-12437T COLLECTOR AMPERES (Ic) 


92CS-12443T! 


SAFE OPERATING REGION RATING CHART 


TYPE 2N3263 
PULSE DURATION CURVES APPLY TO EACH TYPE. 
DC CURVES APPLY TO INDICATED TYPES. 


FOR MAXIMUM CASE TEMPERATURES ABOVE 


& 75°C, DERATE LINEARLY AT 0.66 W/°C 
a Bw ey 
ee OE 
7A 
io < = 
ri fz 2N3264 
= = e eee VcEo* =60 V 
=a Peds 
S xP ~ pe MAX. see 
2 ai CASE TEMPERATURE 
a 
3 0 10 20 30 40 50 60 70 ims 90 
e z pee et ay oar ae COLLECTOR-TO- EMITTER VOLTS (Voce) 
0 92CS—12433T 
COLLECTOR-TO-EMITTER VOLTS (Voge) 
92CS—12428T 


2N3264 TRANSISTOR 


Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications, such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. Outline No.24. Terminals: 
B - base, E - emitter, C - collector and case. For curves of safe operating 
region, transfer characteristics, and static forward-current transfer ratio, 
refer to type 2N3268. 


Technical Data for RCA Transistors 


MAXIMUM RATINGS 


eS TE 5 SI ene en a 


(TSE eR ya 


Co Bs Wo 2 7) 3) ER a eee 
Transistor Dissipation 
Temperature Range: 


BERR MRR ERT OD TITNCEION) <. So creeo obec ohnnd idee coaeedasl Soseoarcceovesoeesesecese 
Peieer mR OUp Ce Cnr gl bio 1 te a dure l adcautechds 


Collector-to-Emitter Sustaining Voltage: 


era Tp ea Oi). ethical, 


Collector-to-Emitter Saturation Voltage (Ic 
feo le A, tps) 350 ps, df = 2%) 2... 


One w eee ee seencesssceese 


Stee meesercsoacccsescees 


CHARACTERISTICS (At case temperature — 25°C) 


Core eeereeeesseesceseeee 
eee eee cceeesoecccesece 


Peso eccceccccccssecsesee 


Base-to-Emitter Saturation Voltage (Io 15 A. 


es tp = 300 ws, di = 2%)... 


Pee eeeeensoccsseessoccee 


Emitter-to-Base Voltage (In = 0.02 A, Ic = 0) 0” 


Collector-Cutoff Current: 


Weno— 120-V; Ven =:—1.5 V,.Tco = 25°C 
Mena oe Ved — "0, Tos 25°C? cece 
Veeve oo, ie 0;-To = 125°C <........... 


Emitter-Cutofft Current : 


Wa ea Vente =..0, Te 25°C... .......... 
Veere eee ae. — 0, Te — 125°C oo... 


Pere eeceesscceroecne 


ee eercccssceeccecscesese 


Cece eeevocseccsesccoeces 


Pee eeeorscrscccsceesecee 


See recesccceccesoseseees 


Pulsed Static Forward-Current Transfer Ratio: 
Nene Vi 2c = 15 A, te = 350 -us;+df — 2% ....855, 
Vee =— 4 V, Ic = 20 A, tp = 350 ws, Gf = 2% ceoceccsss 


Collector-to-Base Feedback Capacitance 


(Ven 20 VV, In: = 0," 1 “Me/s) %... 


eee reucnscccceseeoscees 


Turn-On Time, Saturated Switch (Vcc = 30 V, 
) 


Ic = 15 A, Bee. 1.2 A, Ip,'= —12.A 


Ic = 15'A, Is, = 1.2 A, In, = —1.2 


Gain-Bandwidth Product (Vcr = 10 V, 
Were eer MIC /S) coc snavsnrsncccvcictserssecdecs 


Core ecrereescsesseoeeese 


Poeeeeecesscccsecesscese 


Ceeeosoccesocecccsecesce 


eee ecocsecosescesseeses 


Cece ee eessceecoesessescs 


Region (Vsr = 6 V, Ic = 10 A, Rez = 20 Q, 


ESS) S CSRS comer an a ee ae 


Peco sccoecesossestescess 


ee ererosscccecesccceeres 


POWER TRANSISTOR 


Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. JEDEC TO-63, Outline 


RATING CHART 
P  ITYPE ON3265 
g FOR MAXIMUM CASE TEMPERATURE ABOVE 75° 
i DERATE LINEARLY AT | W/°C 
E 
@ 
B 
a 
PPOK 
= 
ee aed ne 
= ““|CASE TEMPERATURE (Tc)=I75°C|  2NS265 
3 : RA .VC ‘0*90V 
fe) 16 0 0 50 60 70 80 90 
COLLECTOR-TO-EMITTER VOLTS (Vog) 
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Vcso 120 Vv 
VcrEv 120 V 
Vcer (sus) 80 V 
Vceo (sus) 60 Vv 
VEBO 7 V 
Ic 25 A 
Iz 10 A 
Rating Chart for type 2N3263 
Ts (opr) —65 to 200 Ae; 
STG —65 to 200 s @ 
Vcro (sus) 60 min Vv 
Vcerr (sus) 80 min V 
Vcr (sat) 1.2 max Vv 
VsBE (sat) 1.8 max V 
VEBO 7 min V 
Icrv 20 max mA 
Icso 10 max mA 
IcBo 10 max mA 
Izzo 15 max mA 
IrBo 15 max mA 


hre (pulsed) 20 to 80 
hrr (pulsed) 15 min 


Cb'c 

ta + tr 
tt 

ts 


fr 
Is/b 


Es/b 
Os-c 


92CS-I2430T 


900 max pF 
0.5 max LS 
0.5 max LS 
1.5 max us 


20 min Mc/s 
700 min mA 


2 min mJ 
1.5 max °C/W 


2N3265 
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No.21. Terminals: C - collector’and case, B - base, E - emitter. This type 
is identical with type 2N3263 except for the following items: 


MAXIMUM RATINGS 


TYANSISTOES yD ISSIPACION ot oer eesasess se ncsccstesssereentesdeeeeetneteusattasoneat Pr See Rating Chart 

CHARACTERISTICS 

Thermal Resistance, Junction-to-Case o.......cceccecceee eee Os-c 1 max °C/W 
IN3266 POWER TRANSISTOR 


Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. JEDEC TO-63, Outline 
No.21. Terminals: C - collector and case, B - base, E - emitter. For curves 
of safe operating region, transfer characteristics, and static forward- 
current transfer ratio, refer to type 2N3263. This type is identical with type 
2N3264 except for the following items: 


MAXIMUM RATINGS 


TransistoOre Dissipa tim’y Hee ick Nate cevsoees Gasssceuas coesers det see eeae See Rating Chart for Type 2N3265 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Case oo... eessseccceeseeee Q@s-c 1 max °C/W 


2N3375 TRANSISTOR 


Si n-p-n “overlay” epitaxial planar type used in large-signal, high-power 
vhf-uhf applications for industrial and military communications equipment 
in class A, B, or C amplifier, frequency-multiplier, or oscillator operation. 
JEDEC TO-60, Outline No.20. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATING 


Collector-to-Base Voltage .u..cccccccccccccccccccscssssssrerecceescessssssesseeees VcsBo 65 Vv 
Collector-to-Emitter Voltage: 

AY Sp ese: CS INES nO A ae CA ne RE ee Ee it A MarR Ay om Vcrv 65 V 

Base “open SSPE estate Be SURE ay john Mave es Crt del ays a A hs cet etnseneet VcrEo 40 V 
EMitt@r=to=Base: VOlta se ciciccccccscscsccceccccscssncesssossoatscoccsecresscessve VEBO 4 V 
Collector= Current, aie iciscictestescsccevseetiest 2 SAA ROPE ROR EO ron eee Ic 1.5 A 
BaS@ GCULrent yee ceceecccecescnconvebececenecetncusascecevee ss saen tenant ea Cos aan ace Ic 0.2 A 
Transistor Dissipation: 

FE GPSUID UO Sg Con irc e ca sees otter occ ncanscctaveeraesoe, nea cottnase Pr 11.6 WwW 

TE OMADO VER 2D. Chee Eee rate t ee tte deortetics Pr See curve page 112 
Temperature Range: 

Operating. (JUNCOMN) cs aretssc tires rescoteccdoc te cvcscoccccttetetaestereeeen Ts —65 to 200 7c 

SSTOV ARE 6 itrecccceetrcce sete eae oto esTeech COR CSET SN a LAN etna Theta aeeRe Tes TstTG —65 to 200 Ae 
Pin-Soldering Temperature (10 S MAX) ou... eeeeesereees Te 230 °C 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage 

Iovs0 LemA i Tw 2.10) ee eee ene a aes, V(BR)CBO 65 min V 
Collector-to-Emitter Breakdown Voltage: 

Ic = 0.2 A, Ins = O, pulsed through an inductor 

A Gree ASTER 9 ON ws ye G Bfrremesita | Ey hese i Ales 1 EO ON ae Boeke Ne ieee V (BR) CEO 40 min V 
Ic = 0 to 0.2A, Vaz = —1.5 V, pulsed through an 
inductor L = 25 mH, Cf" 50 Se a ee Ver) CEV 65 min V 

Emitter-to-Base Breakdown Voltage 

CER e OU Ae ere = O Vaiss cscerccct che desetcecvess cousctcaciencsacteever meen VBR) EBO 4 min V 
Collector-to-Emitter Sustaining Voltage: 

Tf 200 rr Ans Tr eo On. vat oe rip santo Mictice Nas Settecechiaadhetine Vcro (sus) 40 min V 

Tots 200. mAS Rew "100.0 ones incase aise Vcer (sus) 40 min Vv: 
Collector-to- Emitter Saturation Voltage 

(le. 250 MAS Ta 250A) ii cients cscssahpbsaossntsassne Vcr (sat) 1 max V 
Emitter-Cutoff Current (VEB = 4 V)  wccccccccccssssssssssscesseoes Inzo 0.1 max mA 
Coliector-Cutoff Current: 

Vicnk=) 65. Vi03V.Bm i. — Ihe Ve Lice se Gear ctret cities Icrv 1 max mA 

Vcs = 30 V,’ Ven = —1:5' Vi,cTo) = 200° Gis wees: Icrv 5 max mA 

NV CH =23020V—0 le 08 oe 25°C ROOT coco reer Icro 0.1 max mA 
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CHARACTERISTICS (cont’d) 


RF Power Output: 
Unneutralized Amplifier 


Mee — "2s V, Pin = 1° W; f = 100 Me/s ...:: 
Ven — 28 V, Pin = 1 W, f= 400 M@/s ..... 


Oscillator 


Wiest Sa Vin st =) SOO LMC/S - wc2.-ccococosdescccctaccusess 


Static Forward-Current Transfer Ratio: 


VCR ON eC 50 PITA ee EOS ooseccooevcscesece. 
eee aN Pe 2 PIA oc cuicckc svnsscss docnecs vacvecsosseocsiocetec 


Small-Signal Forward-Current Transfer Ratio: 


Wiens 26 Veo, =.125.mA, £ =) 100 MC/S. ciecvsnisses 


ies ee as (Vcp = 30 V, Ic = 125 mA, 
/ 


TYPICAL OPERATION CHARACTERISTICS 


TYPE 2N3375 
COLLECTOR-TO-EMITTER VOLTS (Voce) =28 
CASE TEMPERATURE (Tc)=25° C 


GAIN-BANDWIDTH PRODUCT (f+)-Mc/s 


FREQUENCY —-Mc/s 
92CS-1257IT 


TRANSISTOR 


eerceee 


SOOO REO eee Eee Oa Ese Ose Eee eeeE eee EHE eee EHH HEE Eee ese eeeessesssese 


eeceece 


Piz = 1 W, Re = 50 Q, Por = 3 W, f = 400 Mc/s ..... 
Piz = 1 W, Re = 50 Q, Por = 7.5 W, f = 100 Mc/s .. 


7.5 min 
3 min 


2.5 


10 to 100 
200 max 


4 min 
12 max 


1 min 
1 min 


40 min 
65 min 
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TYPICAL SMALL-SIGNAL OPERATION 
CHARACTERISTIC 


TYPE 2N3375 
COLLECTOR-TO-EMITTER VOLTS (Veg) = 28 
CASE TEMPERATURE (Tc)= 25°C 


COLLECTOR MILLIAMPERES (Ic) 
92CS-12569T 


2N3435 


Si n-p-n triple-diffused planar type used in vhf large-signal class A ampli- 
fier applications. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - 


base, 3 - collector and case. 
MAXIMUM RATINGS 


Collector-to-Base Voltage wiccc...ccccccccccsscssssssssssssscccsscceee 
Collector-to-Emitter Voltage oo.....cccccccccsccssccssccssccssceseee 
Emitter-to-Base Voltage oo......ccccccccccsssccssscsssecsssscssssceses 
Oye RUE OTNG Oi 28 00d, oa... .5, Cad decdoc ss aauessccsoanedionscecoaceecsecee 


Transistor Dissipation: 


ae esa ie oh cckndececccaes si ieel eds lackecceeh lel beeesken 
SO el a Re ane Ao See ee SENSI lace 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 
cee OG SS SE SE ae oe St RST a fe eee ee VBR) CBO 


PERRO E HERO eee eee eee ee reese eHe see eeEH een EEE SES EEE EES ESEOS DEE OEEEHEseseesee® 


Collector-Cutoff Current: 


iC aay gh Oe Di D5 OC)... .ccsccSeccscondvecodiccces 
Viene—a0e Vestn "0, T=) 150°C! ios 


Static Forward-Current Transfer Ratio 


crm pt B= 10 IMA) islleiiSlccccsscccaccecocccyesiec 
Large-Signal Average Power Gain (Vcr = 40 V, 


seeeeee 


any cme Breakdown Voltage (Iz = 0.1 mA, 
MM eee RE Sas Ranch Juices oats Saas sas sWeves's col cis vcs seccacescceceedecesacececcdscccdedecs 


sveiekts VBR) EBO 


aC eee Icso 
es Icso 


mor. hrr 


Ic = 60 mA, Re = 50 Q, Piz = 100 mW, f = 70 Mc/s) Grr 


Small-Signal Forward-Current Transfer Ratio 


(Vcp = 40 V, Ic = 10 mA, f = 70 Mc/s) ............... 


wavavee hte 


See curve 
—65 to 200 
255 


80 min 


VcsRceo(sus) 60min 


4 min 


0.05 max 
50 max 


50 to 200 
10 min 


2 min 


page 112 
1e 
“oe 
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CHARACTERISTICS (cont'd) 
Product of Base-Spreading Resistance and 
Collector-to-Case Capacitance (Vcr = 40 V, 


To =F 10s AE = TO M/S ieee eects sreces een Oe cee coos Ypb Ce 80 max ps 
Output Capacitance (Vcs = 40 V, In = 0, 
Go Lr IVEY Sin escorrecteciceseoonedac tres cate-tuasepseduucysncetecacadustevesscercecsences Cobo 5» max pF 


IN3439 TRANSISTOR 


Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli- 
fier applications, such as high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for industrial and military 
applications. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. 


MAXIMUM RATINGS 


Collector=to=Base." VOMAGE ccsiieticrss scons tessstsneeserctaesseeves tree tensats Vcgo 450 V 
Collector-to-Emitter Voltage: 

VeVi eS RE, SEA acecsnenctanctae oe: eR oes Se BAN. Vcrv 450 V 

Base open (Sustaining Voltage) ......ccccicecccesrecesreeeteeeeeees Vceo (sus) 350 V 
Emitter=to=Base*V Olta ge itrcrs cstrcsscescc cones scrsccatess-cscceteecncearsqatare VEBO 7 V 
CollectOr SCUrren te ee ecto cere t eta o tite nctd a suas oaadeanns ocenponaeae Ic 1 A 
Base Current ........ be AeaeeRe aOR Tease aS Tee Be aa nccecencsees vines sascnsceteoteerene Iz 0.5 A 
Transistor Dissipation: 

Ta UID) COME NO eg Gos tesa csok aianesvnspeccvoeysscvasasseebiatonesccnstpeeteiuetene Aiea Pr 1 WwW 

TE AI Oa 0 Coase coeeeartaca gaat nndbrocene cadets eavnrctoebas ce sdestenoend Pr 5 WwW 

TWAMOPME CMADOVE ROO: Cabs iadacs sesccccce.ccchesveccserttaccecssnsbacrertaaaeetne Pr See curve page 112 


TYPE 2N3439 
CASE TEMPERATURE (Tc) = 25°C 


COLLECTOR MILLIAMPERES (Ic) 


ie) 20 40 60 80 WO 120 40 160 180 200 220 
? COLLECTOR-TO-EMITTER VOLTS (Vce) 


92CM-I2617 T 
TYPICAL OC FORWARD —CURRENT 


wo 
TYPICAL TRANSFER CHARACTERISTICS = ee ad a 
Le 2N3439 e COLLECTOR -TO-EMITTER VOLTS (VcE)=I0 

— T! = ca = -_, 
sD 102 COLLECTOR-TO EMITTER VOLTS (Vce) 10 = 140 fH fH , Nb 
H . a HHH les°CcA TT IVETE FT TT 
Ss ease sie ACHE 
a: A © |00 4 
a3 ieareap’ (eet! 
Buse Cn at 
Seis ee Pes UH aR ET ail 
Eilaes > wad AHHH | 
r 2 1 40 Satine mail aN 
Ww Ol x \I\ 
WO, 
3 8 3 
oO 

2 fo) 

0.0! ri 2 468] 2 4681 2 
0.2. 190:361/0.4 > 05 L080), OPEN — vee mets Ni ny EY Sey 
BASE-TO- EMITTER VOLTS (Vee) COLLECTOR MILLIAMPERES (I¢) 
92CS-I2619T 92CS—I26I5T T 
~ 
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MAXIMUM RATINGS (cont'd) 


Temperature Range: 


RT URIRME ME SDETTICTION)) 5. ....-.0xs0.aces0csisesdonasassscvecncsvececsecseccesnchee Ts (opr) —65 to 200 Cc 
2 SS aR ee TstG —65 to 200 ad © 
Lead-Soldering Temperature (10 s Max) oe. 1p 255 2€ 


CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 


PRR AR ETS 0 20)) 6 ooo occ ccsenede sesso ccccacticsv less mee Vcro (sus) 350 min V 
Collector-to-Emitter Saturation Voltage . 

Pes GS ALTA): og... cesccevcecssorsesesessondcconseeccorconee Vcr (sat) 0.5 max 'V 
Base-to-Emitter Saturation Voltage 

ee EE a TNA) © oe ooo lescopconccecdectiatooveecieetn Vex (sat) 1.3 max V 
Collector-Cutoff Current: 

WB 5 MAE al EES | SPREE a © OR ar ee Icro 20 max bA 

etree a OV B.S D5. os... oc sccccodcccccsarscccecccccsoscoscosdces Icrv 500 max pA 
Emitter-Cutoff Current (Ves = 6 V, Ic = 0) voces IrBo 20 max bA 
Static Forward-Current Transfer Ratio: 

eI 5 oa DU ATTY Ais, oa cvs cooccceecnodesdbacesscnecccecedosoeccoasce hre 40 to 160 

mea te 2) TAN eee ee, hre 30* min 
Small-Signal Forward-Current Transfer Ratio 

(View = 10 Io = 10 MALE = 5. M/S). ceccocsiccacsseconsece hte 3 min 
Second-Breakdown Current, Safe Operating 

EPEAT TESS) TOS ig eee A IY Ge 2 a et A Is/b : 50 min mA 
Output Capacitance (Vcs = 10 V, In = 0, 

eee IU Be oes fe eer ek Ae eee cto tassios va dése chowcacceales Seance cheSoees Cobo 10 max pF 
Thermal Resistance, Junction-to-Case 

cen e O AUW . Ti 100 MA) | o.oo... ccceccecsseectcosccoteeens Os-c 30 max °C/W 


* This value does not apply to type 2N3440. 


TRANSISTOR 2N3440 


Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli- 
fier applications such as high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for industrial and military 
applications. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. This type is identical with type 2N3439 except for 
the following items: 


MAXIMUM RATINGS 


OSC P=LO- ASC , VOLAZE o...c.cioscesccccscosssscsscssececcessnceccedvteavs snes Vcso 300 V 
Collector-to-Emitter Voltage: 
VP RUM 2" a ele i ae aes a ee ee ae Sr Vcry 300 V 
Base open (sustaining voltage) oo. cicescccssscccesssceeees Vcro (sus) 250 WW 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Sustaining Voltage 


oS. sae Tay log ies et \gartad Feat Tee Ie depen ee ce Vcro (sus) 250 V 
Collector-Cutoff Current: 
WA ia Sad OURS OA GSS, Teme 2 oe nga ae See a Le A BPP Icro 50 max wA 
Oy Me ere NMI a) 1h Vcc enc ccee dastecceereiccnrccncsnoeceees Icry 500 max pA 
POWER TRANSISTOR 2IN344] 


Si n-p-n diffused type for high-voltage applications in power-switching cir- 
cuits, series- and shunt-regulator driver and output stages, and in de-to-de 
converters in military, industrial, and commercial equipment. JEDEC TO-66, 
Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - 
collector and case. 


MAXIMUM RATINGS 


OPC t Om ESASE™ VOILALE Jo... .0iss.c.ce1scssescedugecssesecoscontedbanssescastte Vcxzo 160 V 
Collector-to-Emitter Voltage: 

pet tN Vice ars eS... SURO. seedatt codsdecvbocecccder eect Vcrv 160 V 

Base open (sustaining voltage) .....cccecscessccssccssssscesssceees Vcro (sus) 140 V 
FONGMUCTEHLOmIS ASC VOITA LC. in. cc ccescdescdessscsleescscssocsvnsvcecdiaceovecubderse VEBO 7 V 
Bi rR EE RAPE oo sci syicascvasnicoves Citi dp stsiasa ta dv seveanmensoventeishavodgneveunk Ic 3 A 
een 0 ones dock cpucdete yore ¥ioconsencuscvesestdoeucoealttecs Ip 2 A 
Transistor Dissipation: 

NE Bac cannenevecsang Saovandenveottvnddesrsesvenvadzia eee Pr 29 WwW 

ro csirac snr asvnoernccsnssssusose tabs cisevssicescsisosedisechace. osve Pr See curve page 112 
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MAXIMUM RATINGS (cont'd) 


Temperature Range: 
Operating (Junction) 
Storage 

Pin-Soldering Temperature (10 s max) 


POeeererererer ere ei) 


Pereee eee rere rere rere tree rrr erie rier 
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CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage: 


Ic = 100 
Ic 
Ic 
Collector-to-Emitter Saturation Voltage 
(Ic = 0.5 A, In = 50 mA) 


Base-to-Emitter Voltage (Vcr = 4 V, Ic = 0.5 A) 
Collector-Cutoff Current: 

Vcr = 140 V, Vaz = —1.5 V, Tc = 25°C 

Vow — 140 5V, Vera —21-5 V,..0c = 150°C. 

Vi crit 4 Om Vise | rin Oa et 5S Gear ee ove eos 


Emitter-Cutoff Current (Ves = 7 V, Ic = 0) 


Static Forward-Current Transfer Ratio 
(Vcz = 4 V, Ic = 0.5 A) 
Thermal Resistance, Junction-to-Case 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N3441 
CASE TEMPERATURE (Tc)= 25°C 


2 1.5102 ! 

; ha | | 
: Fea a 
a 

= 1.0f—40 

dq 

ed (Maleca dselotssads Glee [atiliee 
bool 2a" Piped alae rd Pace ey 
= 0.5) 

(eo) 

oO 


cst 


paaonie® 
R 


BASE MILLIAMPERES (Ip)? - 
: 50 100 150 200 


COLLECTOR-TO-EMITTER VOLTS (Voge) 


2N3442 sees feeae 


following items: 


TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2N3442 


COLLECTOR AMPERES (I¢) 


f°) 50 10 150 200 
COLLECTOR-TO-EMITTER VOLTS (Vcf) 
92CS-12638T 


eRe e ee eee eee e eee ee ee eres eee sees esse seen sree 


Pena Reem teen ene eee enone ase eee eeee esse eseeeseeeeees 


A ee eer eecseccersscesaereeeeres 


te teaeeceeecereses 


eee eneeersoeee 


COLLECTOR AMPERES (Ic) 


Ty —65 to 200 ZG 
TstcG —65 to 200 © 
255 =d © 
Vsr)creo (sus) 140 min V 
VBR) CEV 60 min V 
V(BR)CER 150 min V 
Vcr (sat) 1 max V 
wicela VBE 1.7 max V 
Icry 5 max mA 
Icrv 6 max mA 
IcBo 5 max mA 
IrBo 1 max mA 
hre 20 to 80 
Qs-c 6 max °C/W 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N344I 
COLLECTOR-TO-EMITTER VOLTS (VcE)=4 


oO O05. 10 otSesvom 25 
BASE-TO-EMITTER VOLTS (Vpe) 
92CS-12643T 


POWER TRANSISTOR 


Si n-p-n diffused type for high-voltage applications in power-switching cir- 
cuits, series- and shunt-regulator driver and output stages, and in dc-to-de 
converters in military, industrial, and commercial equipment. JEDEC TO-3, 
Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - 
collector and case. This type is identical with type 2N3441 except for the 


COLLECTOR AMPERES (Ic) 


TYPICAL TRANSFER CHARACTERISTICS 


lo [TYPE 2N3442 
COLLECTOR-TO-EMITTER VOLTS (Vo¢)=4 


BASE -TO-EMITTER VOLTS (Vpe) 
92CS-12639T 
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MAXIMUM RATINGS 


RN MERI aoc cccnugs acnesassnacvaaddascuctnvov¥onvispanihoseves tance Ic 10 A 
acs gd g covicenen chu scetvcoscatsceesscnceinasoscasosoues sucbe@ccda Iz 7 A 
Transistor Dissipation: 
Io, ssp saceu ccnsandatscwie cases cstsccsweceouses Pr 117 WwW 
RRs cca cys cxil deh sutuvsdwayvonceukesoxuaniVoxseuccish sovesececsceaeos eve - Pr See curve page 112 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage: 


eee ee A Nas Ws Oho Seid, van koe ctee lad hans co bevsbbeedvesseassecstese Visr)ceo(sus) 140 min Vv 

TOR LOO enrAS NV pe SB Vi a. ee ee, V (BR) CEV 160 min V 

Re RY A oie FRB f —— 2 OOO icc Wc deoveventecorvovsgavecnacss V(BR)CER 150 min V 
Collector-to-Emitter Saturation Voltage 

Sie cee, he SOW INA) oii. oe. bicedee eel. Se koi Vcr (sat) 1 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 3 A) ou... VBE 1.7 max V 
Collector-Cutoff Current (Vcr = 140 V, 

hers ee EN ET Cer SO) ih i aes, 2. cso vodkseaehe dh tcccicoseccoecutec Icrv 30 max mA 
Emitter-Cutoff Current (Ves = 7 V, Ic = 0) ww... Izzo 5 max mA 
Static Forward-Current Transfer Ratio 

RONG Rime IY Cie AV ioe oc Sect «acs devth Sebeine sdotsve te este uple seco ctuee hre 20 to 70 
Thermal Resistance, Junction-to-Case  .....ccccccccccccesesssoeees Os-c 1.5 max °C/W 


TRANSISTOR 2N3478 


Si n-p-n epitaxia! planar type for vhf-uhf applications at frequencies up to 
470 Mc/s in industrial and commercial equipment. Outline No.26 (4 lead). 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. 


MAXIMUM RATINGS 


Collectorato-Base Voltage oa i.cr..ciciccsssbccssscocneldeslecssoceneseorcsusees Vcso 30 V 
Collector-to-Emitter Voltage oo... cece cccscsscssssssesssssscesoeees Vcro 15 V 
WMONTEr=tLOSBASE VOILAGE) .......cccccssocceccscsecocssccssescccccdvccsucgaccccesece VEBO 2 V 
MPEG LOTS UT TIOTIG « B28 osc oc oo coveScnccswosshoseales ccs cevecsavecoviacatcssoveseacses Ic Limited by Power 

Dissipation 
Transistor Dissipation: 

MCA MIND OM ed TOP ET. <5. c5c000 foo sethocssevoueusscicesevsroesccscccsotspmboteteerags Pr 200 mW 

“MEL SEL SEN UZEN SS GO ea caer ae ra A NE Pr See curve page 112 
Temperature Range: 

ODOR AUR et MITICTION).  ccovaccecttcccsoecccctasscscaccococcetaccoceteccedicsoviee Ts (opr) —65 to 200 aC 

SY RLTSE ELD ous die hepa ia appeals Bs Seana lhe alse le) RD TstTG —65 to 200 sc 
Lead-Soldering Temperature (10 s max) ....... eee Abe, 230 Cc 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage ; 

heme Oe TA 1a) FOYT LEY, .,... svssnctinrecvdeverndeconsuniicsbestode V(BR)CBO 30 min V 
Collector-to-Emitter Breakdown Voltage ; 

hie my As Das) TREY oN ccieracecttesassroeedvoupccranthcces V (BR) CEO 15 min V 
Emitter-to-Base Breakdown Voltage (Im = 0.001 mA, : 

AG SS) bea et Pe He a tC Sn a a V(BR)EBO 2min V 
Collector-Cutoff Current (Vcs = 1 V, Im = 0) ou... IcBo 0.02 max pA 
Static Forward-Current Transfer Ratio 

VCO TG Da TAS) 2c, .0:,.secsesseceonernovevsocevsduawesevteesevers hre 25 to 150 

Be ores oe ne FORWARD CURRENT TYPICAL FORWARD TRANSFER CONDUCTANCE 


TRANSFER-RATIO CHARACTERISTICS AND SUSCEPTANCE CHARACTERISTICS 


> | TYPE 2N3478 = 
— 2 TYPE 2N3478 
= 14+ COMMON-EMITTER CIRCUIT, INPUT; 5 
Peltor son cece 28 70/COMMON-EMITTER CIRCUIT, BASE INPUT; 
Fal eactiiucy-ts) si00 Mera we OUTPUT SHORT-CIRCUITED. 
3 @ '*) FREE-AIR TEMPERATURE (Tra) = 25°C = 7 6O/FREQUENCY (t).* 200 Mc/s 
tbs FA = | FREE-AIR TEMPERATURE (Tra) = 25°C 
ti S = 50 
+ & 10 a! 
«” s- 
ee oe 
Ha o2 40 
-F 8 Cw 
ab re 
zz a z 30 
ot 6 ze 
Ne aa 
‘ uj 20 
+43 FO 
23 ae 
s5= 4 a” 10 
< sa 
z =S 
2 2 2 


| 
COLLECTOR MILLIAMPERES (Ic) 
92CS -12756T! 92CS-12759T 
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CHARACTERISTICS (cont'd) 


Small-Signal Forward-Current Transfer Ratio* 


RCA Transistor Manual 


(Vicut="8 Viitict=.2 mA; :f"==-100'Mc/s) eee hee 9 
Output Capacitance: 
Vier "82.52 n> =.0,.. £0] 1 2MC/s eee ee ee Cobot 0.95 max pF 
VicEe— SVs Int 60 pif! DRM C/ Ste hice Cobo* 0.65 max pF 
Small-Signal Power Gain: 
Unneutralized Amplifier Circuit* 
Vce = 8 V, Ic = 2 mA, f = 200 Mc/s ........ Hal 3) Gpe 11.5 to 17 dB 
Neutralized Amplifier Circuit; 
Rs = 50 Q, Ic = 1.55 mA, Vcr = 6 V, 
f = 470 MG/ Saleen i se socshonasdseetele eect arenes Gpe 12 dB 
Noise Figure* 
UHF—Rs = 50 Q, Vczk = 6 V, Ic = 1.5 mA, 
f t= SATOMI C/ Soke tes Oe eis tar isccmeaeee Pas eee NF 5 dB 
VHF—Vce = 8 V, Ic = 2 mA, f = 200 Mc/s ............. NF 4.5 max dqdB 
* Lead 4 (case) grounded. ¥ Lead 4 (case) floating. 
IN3512 COMPUTER TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used for core-driver and line- 
driver service in high-performance computers and in other critical appli- 
cations requiring considerable output power. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector=to=Base Voltage isi.5.ccccc..sssocsssceecescacecsssoeeedeccereesees 
Collector-to-Emitter Voltage ............c.cccccccccccscccsssssssscssssees 
Emitter=to-Base Voltage idstehscccosdetclecsesssoseosasceccsessueeeacces 
CollectorslCurrentage. tc cte cr ee ee 


Transistor Dissipation: 
° 


LAS UL PMG Og 2003 Co ay cha Ren oeee eects Suances scones oseenshesteiar meee caee tie eped 
Lon UpmtOm 20a Cwite heat cSINnik i .c.cceccscccccenseoteeeones 
Ta or Tc (with heat sink) above 25°C ...............0. 


Temperature Range: 


Operating’. (Jainction) gir: seicwe cesses oote ecco ss Sas shseeonssnate 
SOLAS Cree ieee cece ee sree at eee eee eran al 
Lead-Soldering Temperature (10 Ss max) ...........c:ccee 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage 


(Ter S20: OUR A FF Te. 10.) wo cs cccesccnedsse lee et tek aoe 


Collector-to-Emitter Breakdown Voltage 


Glog /5 Qa. A a, Eas 40) ate ce ote cee ee oxccc ean at eae 


Emitter-to-Base Breakdown Voltage (In = 0.1 mA, 


Leh SHORE. BARE.. R ae RRR i ee ere 


Collector-to-Emitter Saturation Voltage: 


POs PAG TILA LB = 96 0 TILA. oc ccoateencs es caaa freee eva 
To. O500f mA is: + 506m AR Ae... eds ees ehee 


TYPICAL DC FORWARD - CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


120 


B.S 


COLLECTOR-TO-EMITTER 
SATURATION VOLTS [Vc¢g(sot)] 


ce 4G. 6 2, ~4.6°8 2-754 6 


DC FORWARD-CURRENT TRANSFER RATIO (hee) 
en) 


COLLECTOR MILLIAMPERES (Ic) 
92CS-12696T 


° 


° 


° 


Ee Vcso 60 V 
ee Vcro 35 V 
ne Verso b) Vv 
ee Ic Limited by Power 
Dissipation 

Se) Pr 0.8 WwW 
¥% Pr 4 WwW 
a Pr See curve page 112 
Fe Ts (opr) —65 to 200 °G 
MS TstcG —65 to 200 18 
Tr 230 eC 

es V(BR)CBO 60 min V 
a V (BR) CEO 35 min V 
a3 VBR) EBO 5 min Vv 
e: Vcr (sat) 0.4 max V 
se Vcr (sat) 1 max V 


TYPICAL SATURATION CHARACTERISTICS 


TYPE 2N3512 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tra)=25°C 


200 400 600 800 1000 
COLLECTOR MILLIAMPERES (Ic) 
92CS-12699T 
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CHARACTERISTICS (cont'd) 


ay Ce ee set ae (Ic = 150: mA, 
ee RI ORs Sas AkGh ge nats hasncigamen osniucs ues acted edanwineccss'slecu sabednesbsde wens 
Base-Cutoff Current (Vcr = 30 V, Var = —0.3 V) .... 
Collector-Cutoff Current: 

Mome—sOrve Ver — —0.3 Vy: Ta = 25°C wis. ccdecvesvcolenivs 

Were ——s0 Ve VE, — —O:3- V>> Ta “= "1008C@. Weds 
Pulsed Static Forward-Current Transfer Ratio 

Wee 1 Vv, ic — 0.5 A, tp — 400 ws) df= 3%). ........ 
Small-Signal Forward- Current Transfer Ratio 

(Vcr = 10 V, Ic = 50 mA, f = 100 Mc/s) See Urry 
Output Capacitance — (Vors=) 10° V3 in =,0, 

eee mM IVINAY SE eos. es otea te Rook hence beceseste tase necat teleedorscotudechue dusaetie 
Storage Time (Vcc = 6.4 V, Vss = 159 V, 

io 150 aa AS is = 15 mA) PARES ROME ce tot as ce nae Ae 
Turn-On Time (Vcc = 6.4 V, Ic = 150 mA 

See eis. ER, LS EA) PPE ails ccartaviseccsadepccontsvesece 
Turn-Off Time (Vcc = 6.4 V, Vas = 15.9 V, 

Ig — 150 mA, In, = —15 mA, Is, = 15 mA). ............. 


TRANSISTOR 


A'6:30) 
IBEv 


Icrv 
Icrv 


hrer (pulsed) 


hte 
Cobo 

ts 

ta+ tr 


ts + tr 


1 max 
0.5 max 


0.5 max 
100 max 


10 min 
2.5 min 
10 max 
30 max 


30 max 


45 max 


241 


ns 


ns 


2N3553 


Si n-p-n “overlay” epitaxial planar type used in class A, B, and C amplifiers, 
frequency multipliers, or oscillators in vhf-uhf applications for industrial 
and military communications. JEDEC TO-39, Outline No.12. Terminals: 1 - 


emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
Vee = —1.5 V 
Base open 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 
Tc up. to 25°C 
Tc above 25°C 
“Temperature Range: 
Operating (Junction) 
Storage 


POCO POO meee eres eres ee reer es esee OREO EO SS ESEEEEoE OEE eEEE® 


SOR eee seer eee esse eee eee eee eT OeE SSE EEEDEE OEE SESEEE SEE EEES ESE SE EEE E ESS 
Pee RED AOD ee OEE Hae e eee O EEE OES E OHSS ES OEEESESSETOS HEHE ESS ES ES OEEE SES OES OEE HOSES 
OPO eee eee ee eee ee eee ee reese eeseeees ees r eee seeseseeesees 


Oooo eee eee ere ses eoe eee OEE Ee eee se EE eee Ee see EEE EEESEEEee EEE EEEeeeseeee® 


Peer eee rere eee rere reees eee ee ee eeeE SE HES EOS EEE CSE OOS SSEDES SEES EEE ES OS 


POOP Ceres ee eee eee SES EEO EEE HE SHE O EET EH DOE SEEEE DEES EEE DOSES ESSE EE SESEES 


ORR O eRe eee e meee eee arse eee esses eeee eee DEEEeSEOessesseneesed 
PAPO meee eee rem ere sess eres eeeeee esse ee sene se eee Eee EEE DES ODODSO TEED HE ESE EEE eeeeoeeeeees 


Pere erceccecenessccnseee 


CHARACTERISTICS (At case temperature — 25°C) 


eo ee Breakdown Voltage (Ic = 0.3 mA, 
a 
Collector-to-Emitter Breakdown Voltage: 
Ic = 0.2 A, In = 0, pulsed through an inductor 
L = 25 mH, df — BANE op tea abies Reavbokct Rose sa codestaadshavaao tee 
Ic = 0 to 0.2 A, Var = —1.5 ey pulsed through an 
inductor L = 25 mH, df = 50% 
a ae -to-Base Breakdown Voltage (Iz = 0.1 mA, 


PROM eee ee eee eee eee eee em eee ee eee DEO ES HESS EHD DOSEEE EEE ESOS OHSS SEO EEE SE HESS SEEeEseEeS 


eo eeercceercncccssnseese 


“yl a aera SY Bes Bert Sec ee ace tk CIS Ee ee 
Collector- pA Emitter Saturation Voltage 
ee DURGA Ler OLIN A Yb. , Sec okeeccdenecocteeesecdesesessaaletees 
Collector-Cutoff Current (Vcze = 30 V, In = 0) 
Static Forward-Current Transfer Ratio 
(Vem = o-V, ics: 250: mA) 
Intrinsic © Base-Spreading Resistance (Vcr = 28 V, 
Ic = 100 mA, f = 100 Mc/s) 
Small-! -Signal Forward-Current Transfer Ratio 
CM en envy, ic i—'125° mA, fo=-'100 Me/s) 2.0:2008-2. 
Gain-Bandwidth Product (Vcr = = 28 V, Ic = 100 mA) 
Output eo ocala (Vcs = 30 yy; lp>=0, 
== _) USS ke pepe cobs 8 Saal Be Sie ope pda 9s 9 Ps me 
RF Power Output: 
fanadifalized Amplifier—Vcc = 28 V, 
Piz = 0.25 W, Re & Ru = 50 Q, f = 175 Mc/s .... 
Oscillator—Vcc = 28 Vitt = 500 Mc /S 


seeereereese 
CeO e eRe reer areas eee eee ee receeessessseseeHesaseee 


SOOO Oe ee ee ee eres eeeeeeeseersuresssesessesees 


eee eeewesereeereecene 


*For conditions given, minimum efficiency = 50 per 
{ For conditions given, typical efficiency = 30 per 


VcsBo 
Vcrv 
VcrEo 
VEBO 
Ic 


Pr 
Pr 


Tz (opr) 


TstTG 
4M 


V(BR)CBO 


VBR) CEO 
VBR) CEV 
VBR) EBO 


Vcr (sat) 
Icro 


hre 
Ybb’ 


hte 
fr 


Cobo 
Por 
Por 


cent. 
cent. 


| 
See curve page 112 


—65 to 200 
—65 to 200 
230 


65 min 


40 min 
65 min 
4 min 


1 max 
0.1 max 


10 to 100 
12 


4 min 
500 


10 max: 


2.5* min 
1.5¢ 


Pads < 


= 


Padded 


Mc/s 
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TYPICAL SMALL-SIGNAL 
TYPICAL OPERATION CHARACTERISTICS OPERATION CHARACTERISTIC 


TYPE 2N3553 
COLLECTOR-TO-EMITTER VOLTS (Vcg)= 28 
CASE TEMPERATURE (Tc)=25°C 


TYPE 2N3553 
COLLECTOR -TO-EMITTER VOLTS (Vcg)= 28 
CASE TEMPERATURE (Tc)=25°C 


GAIN-BANOWIOTH PRODUCT (f+) - Mc/s 


RF POWER OUTPUT (Poyt) — WATTS 


So 75 100 150 200 300 400 20 40 60 80100 200 
FREQUENCY — Mc/s = COLLECTOR CURRENT (Ic) - MILLIAMPERES 
CO teTVtT, 92CS-12731T 


2N3583 TRANSISTOR 


Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli- 
fier applications such as high-voltage operational amplifiers, high-voltage 
switches, switching regulators, converters, inverters, deflection and high- 
fidelity amplifiers in military, industrial and commercial equipment. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .o..c.....ccecccccssssseccesssssccevesssssscsvesssseses Vocso 250 Vv 
Collector-to-Emitter Sustaining Voltage 0.0.0.0... Vceo (sus) 175 V 
Emitter-to-Base Voltage ouu........cccecsssssssscscccsescessssssssssecescsssseeees VEBO 6 V 
Collectorm.CUrren ba der cccccccccccesccksesdseus ee tes vce coeresem emo cineewnnts Ic 2 A 
ReakwColectOreCurrenty coe etcricettee ee ic > A 
maser Gurrentuec he eh ee eee Ip A 
ransistonme Dissipation. ..siccccn esc eae rere Pr See Rating Chart 
Operating Temperature Range  o..i..cccccccccecsesssessesccecoeesseeee Tc (opr) —65 to 20 AG 
Pin-Soldering Temperature (10 S Max) woe ee eeeeeeee Te 255 Le 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter _ Sustaining Voltage: 


Tray OC Ate Boe 0, se nt nae ee ec ee Vcero (sus) 175 min V 

Rew s00RO)s bee 500 VAN cee eee ieee mere, Vcerr (sus) 250 min V 
Base- to-Emitter Saturation Voltage (Ic = 1 A, 

Pe 6100: mA) ores ss csssesnsscsocccccosee eee oe ne eee ee ae Vex (sat) 1.4 max V 
Collector-Cutoff Current: 

Vien =2150.V les —05 le, = 25° Com ee Icro 10 max mA 

Var = ae Ve Ver = 225 7 VES ce es a fel eet area Icry 1 max mA 

Vaz = DEV Ven = 220e Vel c. =) 200+Ch eee. Icrv 5 max mA 
Fanittess Cutt Current | GQVnBps=16.2V, Toei=210)) 2:8. 2eee Izzo 5 max mA 

TYPICAL DC FORWARD-CURRENT ~ 
isco TYPICAL COLLECTOR CHARACTERISTICS TRANSFER-RATIO CHARACTERISTICS 

Oo 

H 

a TMLee TNL 
B CUE EAT ATT TTT 
ok tel a 

> 3 

B is TT 
: ee ae : oon Hill 
reslesO 25.50. 75 100 125 150 175 TAN aati 

COLLECTOR-TO-EMITTER VOLTS (Vcg) Sal 


92CS-I2879T 


*40 
COLLECTOR MILLIAMPERES (Ic) 
92CS-12684T 
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CHARACTERISTICS (cont'd) 


Static Forward-Current Transfer Ratio: 


Br are PRN Oy 1005 TA he oo.occcncicccccccerccodscccececcscecvececc cece hre 40 min 
Dae Le DNs Ne ocnccaccccoccccoescccccococccccnccccex hre 10 min 
Small- -Signal Forward-Current Transfer Ratio 
emp LOnV..ic = 200 mA, f = 50 MGC/s) ~.....ccc00e.0 hte 2 min 
Second-Breakdown Collector Current (Base forward- 
MiaSeAsErOM ZeETO Up, Vw = 100 V) . cc.cecercccccscccestoccoccec Is/b 250 min mA 
Second-Breakdown ee SEeY, (Base reverse-biased, 
Rse = 20 Q, L = 100 wH, Vse = 4 Vv) Hap ok Sirs ee naa Es/»b 50 min pd 
Output ( Capacitance OV Che lOm Vi alm ——0, 
Li, Lo Ie a PL eR Cobo 120 max pF 
Thermal Resistance, Junction-to-Case (Ic = 500 mA). Os-c Smax °C/W 
e RATING CHART 
< 35 
1 


eho 
EN MAX Veg SF I?5V etl 
PG Soa 

Pa. ca 


10 
5 
0 100 200 300 400 
COLLECTOR-TO-EMITTER VOLTS (Vee) 
92CS-12878T 


TRANSISTOR 2IN3584 


Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli- 
fier applications such as high-voltage operational amplifiers, high-voltage 
switches, switching regulators, converters, inverters, deflection and high- 
fidelity amplifiers in military, industrial and commercial equipment. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. This type is identical with type 2N3583 except 
for the following: 


MAXIMUM RATINGS 


OU OCUOT=FO=15ASE, VOMASE iin. ics apssssteneesssisasiccesseescototesisctecene Vcgo 375 Vv 

Collector-to-Emitter Sustaining Voltage... Vcro (sus) 250 V 

TYPICAL DC FORWARD—CURRENT TYPICAL TURN-ON TIME AND FALL-TIME 
TRANSFER-RATIO CHARACTERISTICS CHARACTERISTICS 


TYPE 2N3584 
PULSE WIDTH = 20xus 


TYPE 2N3584 
COLLECTOR-TO-EMITTER VOLTS (Vc) = 10 


CT ea 4 CASE TEMPERATURE (Tel = 25°C.) 
wool It NUTT 
| SHH TE Na 
so 
is ie 


ait 1 
2S 1 
(MesecL NU TUT 
ON ee Sennen 


HTH 
UII ELM | LOT NES 


-MICROSECONDS 


TURN-ON TIME (ton) OR FALL TIME (t¢) 


0 " 
1 *0 102 *f03 *to4 
COLLECTOR MILLIAMPERES (Ic) 
92CS-I2883T 


600 800 1000 
COLLECTOR MILLIAMPERES (Ic) 
92CS -12872T 


250 


CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage: 


Te OO TIA oo Vi Oe arses tes veteteee center res clccascctecwscecnensteee Vceo (sus) 

Reps SOMO eh ea E00 LVAD occsccccsecccarccccopamrarne esse cueetrc nes Vcrr (sus) 
Collector-to-Emitter Saturation Voltage (Ic = 1 A, 

Dy ee TAL eo ce ravcaeccscerceseococegehteeceersepectaseate tear potntentoenncnarera Vcr (sat) 
Collector-Cutoff Current: 

Vo = 160 “Vein = 0,0 25°C reek ee Icro 

Ven = 156 Ven Vicn = 300SV Tor" 25° Core cieorecsosessctsss Icrv 

Ven — —1L5 V,. Vew = 300_V, Toe = "200°C irre... ccaenees Icrv 
Emitter-Cutoff Current (Ves = 6 V, Ic = 0) ................. Izso 
Static Forward-Current Transfer Ratio 

CVC LO i RG es DRS atte cechanat tonnes tocechestsconccammese tiene ercer hre 
Second- Breakdown Energy (Base reverse-biased, 

Res = 20 0, L =-100 pH, Ven = —4°V)) Rei ei...5..6 Es/b 
Turn-On Time, Saturated Switch (Vcc = 30 V, 

Ros oh PAs Te 100 | PA es fates. b cd pesregsthonchscopeerepretccnsratenss ta + tr 
Storage Time (Vcc = 30 V, Ic = 1 A, Is = 100 mA) ts 
Fall Time (Vcc = 30 V, Ic = 1 A, Is = 100 mA) ..... tr 

IN3585 TRANSISTOR 
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250 min 
300 min V 
V 
0.75 max Wi 
5 max mA 
1 max mA 
5 max mA 
0.5 max mA 
25 to 100¢7/ 
200 min 
3 max us 
4 max us 
3 max LS 


Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli- 
fier applications such as high-voltage operational amplifiers, high-voltage 
switches, switching regulators, converters, inverters, deflection and high- 
fidelity amplifiers in military, industrial and commercial equipment. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. This type is identical with type 2N3583 except 
for the curves of static forward-current transfer ratio and turn-on and 
fall time, which are the same as for type 2N3584, and the following: 


MAXIMUM RATINGS 


Collector-to=Base Voltages ..:.5...c..:scsesssacensgossacessssanssvsandacsdssseecsrs VcBo 
Collector-to-Emitter Sustaining Voltage ............e Vceo (sus) 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage: 

Mee ZOOS TA re Ly hoon hans caen oe bets acdeeeeiese sSeeeeten Soatas VcEo (sus) 

Rept D0EO plo ks SOO, TA re rrcete ree rere eteneceecees Vcrr (sus) 
Collector-to- Emitter Saturation Voltage (Ic = 1 A, 

Bae amet NAS, ch 8 0 We G) We cae eee ghee Reo Rn peti eC Vcr (sat) 
Collector-Cutoff Current: 

Vont==s1505Vi;, i pe—<20) el orate Caiicccvesats utes ceencesatasecaes Icro 

Veet te-125 V5 View —" 400 LV, fcr 125 C ee etercccte Icrv 

Van = —1.5 V, Ven = 300 V, Tc = 200°C .............000. Tcry 
Emitter-Cutoff Current (Ves = 6 V, Ic = 0) ................ Izzo 
Static Forward-Current Transfer Ratio 

Veena OR Vesa GR eo ness So TRC tet SS wae cae petectboericn ts hre 
Second-Breakdown Energy (Base reverse-biased, 

Rpwt—120 07-71 00 sues Views  —4) V+) a ccthccetecene Es/»b 
Turn-OGn Time, Saturated Switch (Vcc = 30 V, 

Ten 1A Te POOR Ayre strc cates Siecsttt ites. secesvesccencnedaeeres ta + tr 


Storage Time (Vcc = 30 V, Ic = 1 A, Is = 100 mA) ts 
Fall Time (Vcc = 30 V, Ic = 1 A, In = 100 mA) .... te 


2N3600 


TRANSISTOR 


500 
300 


300 min 
400 min 


0.75 max 
5 max 

1 max 

5 max 
0.5 max 
25 to 100 
200 min 
3 max 


4 max 
3 max 


<< 


Si n-p-n epitaxial planar type used in low-noise amplifier, oscillator, and 
converter applications at vhf frequencies in military, communications, and 
industrial equipment. JEDEC TO-72, Outline No.23. Terminals: 1 - emitter, 


2 - base, 3 - collector, 4 - connected to case. 
MAXIMUM RATINGS 


Collector-to-Base Voltage .0..........ccccssssscsccccescsssssseseseccecceseeeseees VcgBo 
Collector-to-Emitter Voltage oo... cccecsssssssscsesectcnsseseeeees VcEo 
Emitter-to-Base Voltage ou... ccsccssssssssssnccesccsscesscseseees VEBO 
Collector  CUrren Gertecrtccrrestrccecscaneccnartescicesu tens san coateevonecticcvacteee Ic 


30 
15 


3 
ee 4 
Limite re 


V 
Vv 


V 
Power 
ipation 


— 


Technical Data for RCA Transistors 


MAXIMUM RATINGS (cont'd) 


Transistor Dissipation : 


RNP IRD eI PLease asacith Sectancsdetesockeneesesecessescececdceroseacsuecsons 
Le up 1o-e0 © (with heat: sink)? ..)..2.56i.ciscessccvecloklesees 


Temperature Range: 
REPEC MEPMM URE UPTICULOIY) 52.05.05 280%. oes wcsbciascactcvadaccued ceeeusceasccdetscvacen 
LT a ace Bal AND SS SS a ae ee OO EY 


Ts (opr) 
TstTcG 
Tr 


TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


TYPE 2N3600 


OUTPUT SHORT -CIRCUITED 
15 FREQUENCY (f )= 100 Mc/s 


SMALL - SIGNAL FORWARD -CURRENT 
TRANSFER RATIO (hg) 


io) 5 10 15 20 2 30 


175|COMMON-EMITTER CIRCUIT, BASE INPUT ; 


COLLECTOR -TO-EMITTER VOLTS (Vcg)=6 
FREE-AIR TEMPERATURE (Tra)= 25°C 


COLLECTOR MILLIAMPERES (Ic) 


CHARACTERISTICS 
BA clon sosBase Breakdown Voltage (Ic = 0.001 mA, 


SOOM OSCE EEE EEO OEE OH EOE DESO SEES EEE ESTO ETE HO SHE OO EEE SOO EEE DESO RESOLD OEE SO EEe ee eeES 


eae TI aon soos <a ac rec cesevehiobaschineotecet cotresstene enn nieonne 
ei oe er Sustaining Voltage (Ic = 3 mA, 

ESSN aca unn dn akwnn tec obs eer vi Set cnce skew roabed es subers soeeeodecedssckeceekvecatceccescees 
Collector-to-Emitter Saturation Voltage (Ic = 10 mA, 

ESS ES Tt te ae ee ee ee eR Re AA 
Base-to-Emitter Saturation Voltage (Ic = 10 mA, 

NN Fea eh 2k ono. Co att b TTS Sock sab ussasencovldicsscccésetesnbachcodiesbe 
Collector-Cutoff Current: 

Veneer lh — 0, Ta 25°C 0... ccareht Sao 

Wen semen Lee" 0). Tie fa TGOEC. ooo. a ccescsdhccscscoccsgeceocesees 
Static Forward-Current Transfer Ratio 

IG MR NC 9S “TVA D 6 isso scpocrnoctevbbnnsochee le ennsctkllcaane 
Small-Signal Forward-Current Transfer Ratio:* 

Vemememne lo = 5 mA gf. = 100 M/S... csccesccccocccoccseaees 

Reet Pl DA fa 1 CCI. ooccccecccesceosesoe SENSE 


TYPICAL FORWARD TRANSFER CONDUCTANCE 


92CS-12845T 


VR) CBO 


VBR) EBO 


V.eR)cxo (sus) 15 min 


Vcr (sat) 
Vax (sat) 


IcBo 
Icso 


hre 


hre 
Nte 


AND SUSCEPTANCE CHARACTERISTICS 


fe) 


TYPE 2N3600 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f)= 200 Mc/s 


FORWARD TRANSFER CONDUCTANCE (g 
OR SUSCEPTANCE (b¢e) MILLIMHOS 


COLLECTOR MILLIAMPERES (Ic) 


92CS-12759TI 


251 

200 mW 

300 mW 

See curve page 112 

—65 to 200 LC 

—65 to 200 ol 

300 x © 

30 min V 

3 min V 

V 

0.4 max V 

1 max V 

0.01 max HA 

1 max pA 
20 to 1504 
8.5 to 154 
40 to 2004 


252 


CHARACTERISTICS (cont'd) 
Input Capacitance} (Ves = 0.5 V, Ic = 0, 
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4 EOS TACO s LE IVLG/S)) onc ccsss co linet cases ceccto np covochons teocsias cas teenensasetes Cibo 
Output ope beable es (Vcsp ='10 V, In = 0, 

£. =3:021 ato WEG/S ) huss ceoscastheteecnas coasaudacteseitccnsesueu erecta ctaeess ame Cobo 
Colleciat-te Bade Time Constant* (Vcs = 6 V, 

Der Ob Acy fae ST SUMS VAN, coc-crccsspescnconodueseseepsncstaaterseoasee Yb’Ce 
Small-Signal Power Gain, Amplifier Circuit, 

Neutralized* (Vcr = 6 V, Ic = 5 mA, f = 200 Mc/s) Gpe 
Power Output, Oscillator Circuit} (Vcs = 10 V, 

Tne ecm Asst 5[00RIMIC/S). we srctvsdecn cree teoeersas ctacs ees rours Poe 
Noise Figure:* 

Ven ='6-V, Ic’ = 1.5 -mAy f= 200UMC/S* Ame. ee NF 

VCRs 4.0. VeelCvs 1 CMA, fe" GOLMC/S. cccccssttae eee NF 
*Lead 4 (case) grounded. 
+ Lead 4 (case) floating. 
4 This value does not apply to type 2N918. 

IN3632 TRANSISTOR 


1.4 typ 
1.7 max 
4 to 15 
17 to 244 
.20 min 


4.5 max 
3 typ 


Si n-p-n “overlay” epitaxial planar type used in class A, B, and C amplifiers, 
frequency multipliers, or oscillators in vhf-uhf applications for industrial 
and military communications. JEDEC TO-60, Outline No.20. Terminals: 1 - 


emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base WV olt age icccccictscscsrecseae hoes sestias one scedoossecesseeacese 
Collector-to-Emitter Voltage: 

Ven = —1.5 V 

BRaSO@: GOP OND cdi ck ae B cecsssese see cteaaa sei eeane sods sete ahead ody e ete avd 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation: 

Tc up to 25°C 

Tc above 25°C 
Temperature Range: 

Operating (Junction) 

por ona, ih ysod RRR AiR rhe 8 ONE My Dee wea iad ota | ban eS 


Pee eee eee ee ee eee EEE ERE ESSE EOE EEE EESESEESO OES EHOE SEES OSES EEE EE EES 


Seen creeseccesecessseeeeaeseeenees 


COP O eee OOOH ee ee meee eee eee HOE HOES SEE ETS EESOEEESDEE OSES EEEESO EEO ESEOS 


ROO EEO Oe TREE EE EEE EOE EEE E EEO EH EEEE OEE EOESSESE HESS OEOEEEHS SEE EEEE®S 
POR eer eee aera seer eee eee ees eee sees s eee see ee EH Sees eneees 


eee eeeeenreeesseseeeesseee 


CHARACTERISTICS (At case temperature — 25°C) 


ageing he gr ag Breakdown Voltage (Ic = 0.5 mA, 
y= 
Collector-to-Emitter Breakdown Voltage: 
Ic = 0.2 A, In = 0, pulsed through an inductor 
a= 25 mH, df = 50% 
Ic = 0 to 0.2 A, Var = wey V, pulsed 
through an inductor L = 25 mH, df = 50% . 
Emitter-to-Base Breakdown Voltage 


POP O eee eee eee eee EEO Ee EEE EHH E EOS HSE SEEEOES SEES OSES SES EEEESEEEEEEOHEE ETO EHEEOEE® 


OOOO ee mee erasers eese eee eee e Hees een eeseseeeee 


CTO 25 SA ye LG 5.0) PRE Ae edeatcccccsocabceteccuacsc tea tees ate 
Collector-to-Emitter Saturation Voltage 
(Tat =0-5 2 Agel te 20 le Al ee rion. cozccsncterat nc tetas deste ocereseutecece 


V.BR)CBO 


VBR) CEO 
Ver) CEV 
VBR) EBO 


Vcr (sat) 


TYPICAL OPERATION CHARACTERISTICS 


TYPE 2N3632 
CASE TEMPERATURE (Tc)#25°C 


RF POWER OUTPUT (Poyy) - WATTS 


100 200 
FREQUENCY - Mc/s 
92CS-12629T 


COLLECTOR -TO-EMITTER VOLTS (Vce)#28 


23 
See curve page 112 


—65 to 200 
—65 to 200 
230 


65 min 


40 min 
65 min 
4min 


1 max 


Paid < 


= 


°C 
°C 
°C 


< 


gS aes 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Collector-Cutoff Current (Vcz = 30 V, I = 0) uw. Icro 
Intrinsic Base-Spreading Resistance (Vcn = 28 V, 
caine Stee ee DO MC /S) Gis. iced olecslisdesaccassccovcecbcles Ypp’ 


pe) / Meas ener essenheccceecccusesetisececcccenscenesnocebeeteceshceseeceosascedeces Cobo 
RF Power Output, Unneutralized: 
Veo — 26 VV, rip — 3.5 W, Re & Rt = 50, 


PM MMARPEIVEC AS © 8s x... 5. Secsctanasvesscdoc nie OeleVincorsusueaede since Monesbauttes Por 
Vcc = 28 V, Pin = 3 W, Re & Rt = 50 Q, 
MEO VEC Sia ire ase) cc erect ccde sdecdetoavclees MeL es coees Por 


* For conditions given, minimum efficiency = 70 per cent. 


{For conditions given, minimum efficiency = 60 per cent. 


TYPICAL SMALL-SIGNAL OPERATION 
. CHARACTERISTIC 


TYPE 2N3632 
COLLECTOR-TO-EMITTER VOLTS (Vce) = 28 
CASE TEMPERATURE (Tc) = 25°C 


COLLECTOR MILLIAMPERES (Ic) 


92CS-12830T 


POWER TRANSISTOR 


0.25 max 


6.5 typ 
400 typ 


20 max 


13.5* min 


10+ typ 


253 


Q 
Mc/s 


2N3730 


Ge p-n-p diffused-collector graded-base type used in 114-degree 18-kV TV 
deflection systems as a vertical-deflection output amplifier. This type, to- 
gether with types 2N3731 (horizontal output), 2N3732 (horizontal driver), 
and 1N4785 (damper) make up a complete transistor/damper-diode com- 
plement. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emit- 


ter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 
Collector-to-Base Voltage: 
Peak 


ERMINE ee eran tae Eee a FOL TCE FOUR, ss asaamecvouevecscosensé scones VCBO 

MOET MED AIOIS anayiet rouse, cartyesivev cco econiesssscacbecceNceesedousscvabewedooconscascconcecce Vcso 
ATITICE = COTEASE) VOILA ZC n..c...cccssceccssscccccosssdecscncscesnscsecesvsssecccses VEBO 
OUI OREO THO UIT VOT G iets oiietseloscecncscoas sonicvsvcbetonesnacts occeaaccesacenescscecconoses Ic 
TSESEEY MO) Ser t=) 68 ey pele ebay De A re ie Iz 
Transistor Dissipation : 

PLraL TOM TPE O tisdale ert ooo ssa seach seed acnoanedesconscdeeecdssosecapescetactesabevpsson Pr 

ST ET IO Creed oe Oertds nds ancaconecccuisexseas se svsed soe both ohbccvsovnsstoeeeeteorspsese Pr 
Temperature Range: } 

AMP INESE TET EET A TETUCTAOLD ick caicsprtnseserssveceves odes ods fas vodtoouesedesesowusd de Tz (opr) 

SOMOS eed APM eS eed c atc sc cccess co a-oe decerceleavenactocce sat uccssvscndonctoosccssecesance TstTG 
Pin-Soldering Temperature (10 S MAX)  .oeeceecseseeeeees P 
CHARACTERISTICS 


adc Sa Breakdown Voltage (Van = 0.5 V, 
c= MN icc vo ora cen ashes basis fosewadches carsuessevs cposcoastocsonts 
Collector-to-Emitter Saturation Voltage: 

Meee AS BB — O02 A coir aciccevnscedesenssnensaesaceactvotcnacss 

Te — 0.05 A Tae — 0.005 Ao vans ncecceccvccssoscvssscccosesevetcotenase 
Base-to-Emitter Voltage (Ic = —0.7 A, 

In = —0.02 A) 
Collector-Cutoff Current (Vcs = —10 V, In = 0) ......... IcBo 
Thermal Resistance, Junction-to-Case oo... cecceseeeeeee Os-c 


VBR) CBV 


Vcr (sat) 
Vcr (sat) 


—65 to 85 
—65 to 85 
230 


—200 min 


—2 max 
—l max 


0.5 typ 
—200 max 
1.5 max 


Prdds 


10 WwW 
See curve page 112 


°C 
°C 
°C 


V 
V 
Vv 
Vv 
A 


be 
°C/W 
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2N3731 POWER TRANSISTOR 


Ge p-n-p diffused-collector graded-base type used in 114-degree 18-kV TV 
deflection systems as a horizontal output amplifier. This type, together with 
types 2N38730 (vertical output), 2N3732 (horizontal driver), and 1N4785 
(damper) make up a complete transistor/damper-diode complement. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 


MAXIMUM RATINGS 
Collector-to-Base Voltage: 


Peaks ree ee ee reae wsauoacesen tee tosdue a ctenevecscadabsuseayeanesatonts VCBO —320 V 
CONTITIUOUS 9. Siivecccoceessrasasosseaedecesenas sctunsseteveassesestessees VcsBo —60 V 
Emitter-to-Base Voltage nf VEBO —2 iV 
ColleCtOE A Gurr entry <.scsceccncccssccscscvsocvevesosticcretecerst net Ic —10 A 
IBASC BM CUTT CTIUD es. stscesacccccersseteovussccstsccetsesesevsstate sss ssesnsseusnsaSuoeentesrere Ib +4, —1 A 
Transistor Dissipation: 
PE MENU LO m OD 4 Cot cesvascitetcenonestinecncee decks tuedstedheconsszscecoeseesscistsecsere Pr 5 WwW 
TMP ADOV EDD > Cries hoes cecccesacsspevensssousosese suse dasstoassecesoncuseavssadasscess Pr See curve page 112 
Temperature Range: 
Operating® (Junction) eae instances —65 to 185 °C 
Se) gc 4 Cee is anne Coen cee eS —65 to 185 =C 
Pin-Soldering Temperature (10 s max) 230 °C 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Vsn = 0.5 V, 
I C—O 25 A) ae cee wccncvececsebest sects cea tnvecttacse secstenccoscstotudosesnerectine V(BR)CBY —320 min V 
Emitter-to-Base Breakdown Voltage (Im = 100 mA, 
EF tu): ) ee eee eS eco cece tec nace coca tuacanuns nlm cena ues danas aesusiets V(BR)EBO —2 min V 
Collector-to-Emitter Saturation Voltage (Ic = —6 A, 
Us tO AA a eae ere eo cs seacestedecoutedecn te cessertokecsieavoceddediheseues Vcz (sat) —1.5 max V 
Base-to-Emitter Voltage (Ic = —6 A, Vv 
DU spake Oo hy Haag) se) ee aes 2 I a 0 RRO AR 1 SRR Vax 0.7 pA 
Collector-Cutoff Current (Vcs = —10 V, Im = 0) ......... IcBo —200 max 
Uk bha atop ag > Abs booVsr orm iay ees eR BT i cy Or ee oe ee ee ee t (off) 1.2 max us 
Thermal Resistance, Junction-t0-Case ........... eee eeeeeeeeeeeeee Os-c 1.5max °C/W 
TYPICAL OPERATION IN HORIZONTAL-DEFLECTION AND 
HIGH-VOLTAGE CIRCUIT 
DG Supply Voltage crcd...c.c:ccstccssssrsscesceees Seana eee 45 Vv 
Average #Supply se Currenter sr cucccrsccicstcccrieccerte ie tesreeseetoestess 0.55 A 
Input Power: 
Oscillator and driver CirCcuitS .................ccssessssestececesecssssens 1.5 WwW 
Output Circuit: 
At -beam’ currenti=« 0.08 A aarceseterte necro eeeiecseee 18 WwW 
At: beam current =" 200) WAG. iick..cccceseszstsscesctasstestsstaveeee 22 WwW 
DC High-Voltage Output: 
At beams currents Overstreet 18 kV 
At Heat CULLEN (ha COU IA eek ctr cette pitiha.witvocsseemvenenee: 17 kV 
Yoke -Currént: ‘(peak=to-peakk) ..5cc.50.5ciieisicecsscsevccceseoets 10 A 
Pear Y OKG SENET ey tie cee ee eee 2.5 mJ 
US 


Retrace: Time: ieee a cee a Nee ee ices 11.5 


2N3732 POWER TRANSISTOR 


Ge p-n-p diffused-collector graded-base type used in 114-degree 18-kV TV 
deflection systems as a horizontal driver. This type, together with 
types 2N3730 (vertical output), 2N3731 (horizontal output), and 1N4785 
(damper) make up a complete transistor/damper-diode complement. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. For typical operation in horizontal-deflection 
and high-voltage circuit, refer to type 2N3731. 


MAXIMUM RATINGS 
Collector-to-Base Voltage: 


Ag ar Tar NE eR rier eee eR TS 8 my ha hig ar alee ere pera g wring chor VCBO —100 V 
Clap oA bayBLOL GIP. xy cope REPEC R COON EET BEET E CPE PE Orca re Vczso —60 V 
Emitter-to0=Bas@eiV Ota ve iisvcccckeccccesccssccscsace tevssscvcsest costes eteas VEBO —0.5 Vv 
Collectors Current eiiisiccscecccsdtteactetesestanetaces vane canenenscneoneeeteneee Ic -—3 A 


Technical Data for RCA Transistors 


MAXIMUM RATINGS (cont’d) 


I aa ae vn cgs cous Se opsiensceres Sa csee dad ancakahadbonsaghicsens ssdoac kbs Ip 
Transistor Dissipation: 
Pee RED AM GME N Ng COE facie vc tas Pues cvs accvacccs ooacsecoseoswonstesccesesoceoaasaadosssostce Pr 
SUM SLAMMED OW Mees So, Cee, ges due casch dadeseoaoescncSnnazavesoosesessszaupecces Pr 
Temperature Range: 
MOP GHEE LITICLIOI) -.5.50.00dkcecivsoce scnsaddscoocsdeasicsiedistacilesesets Tz (opr) 
RO Re Aree So nee cc ak oles csadseee yp uatti s0 wdsuosencdceshapiaacscsiceseoane repedadases TstTe¢ 
Pin-Soldering Temperature (10 S MAX) wucccccecsseceseeees Te 
CHARACTERISTICS 


Collector-to-Base Breakdown Voltage (Vzsz = 0.5 V, 


“Pep SES 954 TLS) gas Aa ag a Es ie I VBR)CBYV 
Collector-to-Emitter Saturation Voltage 
ie a a — O02 AL) oon ieee cicscconsceccovsrcesectocaccscsocet Vcr (sat) 
Base- to-Emitter Voltage (Ic = —0.7 A, 
ep ae ELAN) oa oa cca ceSencchnsoccobatonesseoeccscecsdsvecccscusowcocesosblccecseces VBE 
Collector-Cutoff Current (Ves 2=10RV,, cin 10) HES... IcBo 
Thermal Resistance, Junction- PUECSEBY Sox Tecate. QOs-c 
TRANSISTOR 


Si n-p-n “overlay” 


+0.5 


3 
See curve page 112 


—65 to 185 
—65 to 185 
230 


—100 min 
—2 max 
0.5 


—200 max 
1.5 max 


295 


A 
WwW 


apa a e 


cr 


2N3733 


epitaxial planar type used in large-signal, high-power 


vhf-uhf applications in military and industrial communications equipment. 
Intended for class A, B, C amplifier, frequency-multiplier, or oscillator 
service. JEDEC TO-60, Outline No.20. Terminals: 1 - emitter, 2 


3 - collector. 
MAXIMUM RATINGS 


Collector-to-Base Voltage o............ccsccsccccccssssssecccscssssnsecccecessonse Vcso 
Collector- to-Emitter Voltage: 

Sets Gee III RMT Coes ese ca soo soe ee cs Sanssasccnscevsesecceecsmesoetone ecebe testes VcEV 

eer ER tre oc nas va dla nnn <clizh nese hap anaoopticeactecnuoseiaieontine VcrEo 
PEMTLLSL=LO=5ASE  VOITALE >. sccasecidsscssescecesqcocccccsnseasavessneseazabersoseees VEBO 
Pepa eee OMCCEOL  CUTPON tooo eo ioc a enkgsatinccecueetnecaceeoneseoaslone ic 
Transistor Dissipation: 

SN on occ ayalsd vas rece eececdsuust oceasanacesivivadiweseusseovones Pr 

ADEs FS) DON: 1 Ss 7Rs 9 Cra Rela peer ee aa RR Pr 
Temperature Range: 

OTS eT ECP UITICUIONL ) © ris cieeccstctsscesoccooccsecdsondestsderSoccsesseesstcess Ts (opr) 

as eo Nick CRO Brg sno. Eka Sesch ob ctv accecknsasecocsnedouncecesceseseadeaeteasoeees Tst«G 
Pin-Soldering Temperature (10 S MAX) ou... eee eeeeeees Te 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.5 mA, 

Ri e= NUN) PE RE oso soca os rats.) osedcekevasvosafe coneesdit vsoachstaneesoncesocs VeR)cBo 
Collector-to-Emitter Breakdown Voltage: 

Ic = 0 to 200 mA, Vaz = —1.5 V, pulsed through 

aI NOHetOL Lea 25 TAH AF "50%" cccscnnicceessescnes VBR) CEV 
Ic = 0 to 200 mA, In = 0, pulsed through 
annnauetor, l=. 25. mH,..df == 50%. a. kicaascunces V.eR)CEO 
TYPICAL OPERATION CHARACTERISTICS 


TYPE 2N3733 TYPE 2N3733 


COLLECTOR -TO-EMITTER VOLTS (Vcp)=28 
CASE TEMPERATURE (Tc)=25°C 


COLLECTOR-TO-EMITTER VOLTS (Vc) = 28 
CASE TEMPERATURE (Tc) = 25°C 


RF POWER OUTPUT (Poyt)- WATTS 
VO N ®@ 0 5F=NHUEGD 


400 500 600 700 800 50 100 
FREQUENCY — Mc/s 


8 
g 
8 


92CS-13134T 


23 


- base, 


Paid < 


See curve page 112 


—65 to 200 
—65 to 200 
230 


65 min 


65 min 


40 min 


TYPICAL SMALL-SIGNAL 
OPERATION CHARACTERISTIC 


150 200 250 
COLLECTOR MILLIAMPERES (Ic) 


°C 
°C 
°C 


92CS -12830T 


256 


CHARACTERISTICS (cont'd) 
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Emitter- to-Base Breakdown Voltage (Im = 0.25 mA, 

Ic CO) Aptis eri aeet ai bets de eM aa ee em Aah ate RENE SF arn V(BR)EBO 
Collector! to-Emitter_ Saturation Voltage 

(Ic = 0.5 A, Is LOO) WA) Pai iccceocstorevauosteveveeiies este cekevs Vc8 (sat) 
Collector-Cutoff Current (View 302 Vir ier==.0) tears Icro 
Intrinsic Base-Spreading Resistance (Vcr = 28 V, 

Jor" 250 2m Ave fe —— 200 M/S): Siccccscrossosnsturseaotsvevssveseceesedes Ybb’ 
Gain-Bandwidth Product (Vcm = 28 V, Ic = 150 mA) fr 
Collector-to-Case Capacitance ........ccccccccssescccccsstersscreesecsessoes Ce 
Output Capacitance (Vcs = 30 V, In = 0, 

f AP IGS ) te acteezacoreectsaes cet oretesdeseeteuuss oaneccesaceeseccs oMMisscsaneanss Cobo 
RF Power Gutput Amplifier, Unneutralized: 

Vcn = 28 V, Pim = 4 W, Re & Rt = 50 OQ, 

Fes WOOO IMEC /G teacacrecscnccenccter ce ncoeeaks cottnnnces cessuactocmmmetr ects Por 

Vcr = 28 V, Pine We Re enn. 007; 

ADO IVC / Sie acicoscacssvedsscccessterceecsosstoatsdusccocscccottcssseceere Por 
* For erations given, minimum efficiency = 60 per cent. 
+ For conditions given, minimum efficiency = 45 per cent. 


2N3771 


POWER TRANSISTOR 


4min V 

1 max V 

0.25 max mA 
6.5 

400 Mc/s 

6 max pF 

20 max pF 

14.5* WwW 

107 min WwW 


Si n-p-n type with high collector-current rating (80 A max) for inter- 
mediate- and high-power applications such as public-address amplifiers, 
power supplies, and low-speed switching regulators and inverters. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 


Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 
Vern = —1.5 V 
Base open 
Emitter-to-Base Voltage 
Collector Current 
Transistor Dissipation : 
Tc up to 25°C 
Tc above 25°C 
Temperature Range: 
Operating (Junction) 
Storage 
Pin-Soldering Temperature (10 s max) 


OOOO Oe eee eee OO ee eee OOEE HEHE EOE SEES DOEEEHES ESSE SOHO SEES 


Coe ee eee OO ee OHO O OHSS HOO OOOH OOOO HESSD EH EESS EERO SESE DEES SEES EEEE SEED ESEE HOES 


Poe e OCC OC OS OOOO OEE OO SEO OOOOH ESOS ET OES OOEO HSE SOE SSEE ODES SEES SESH SESE SETS OOOE ED 


Coen meee rere rere sees reece reeaseeT sess EeOs SESE esse eeeeesse ee 


COP O CO SECO LOE E EEE OEE ESTEE EE EEE SESE EO CT ETE SESE SEHESDEEEEHEEEHEEEHE EES 


rere 


COCO ee ee Here ee eEHE EOFS EOHE OT SE SESE EEE SOE O SEES EERE EEE SEE EEEEOEESEEEe 


Pomme meena r eee ea sere cera s eee eeeereessse rere eeee sess sees eee® 


OOOO SESE OOS COTO E OOOO EOE EOS E EEE EOS ED OTE SOOO SOS OSE SESE SESESEEE ODES SETH HEHE ESSE REST EESD 


Cree rere cereneresseeeeeeeees 


CHARACTERISTICS (At case temperature — 25°C) 
Emitter-to-Base Breakdown Voltage (In = 


Ic = 0) 
Collector-to-Emitter Sustaining Voltage: 

Vse = —15 V, Ic=3A 
los 02 eA yep 20 
Collector-to-Emitter Saturation Voltage 
(ipt="1.5- A; Ici =s15-Asutp = 300" xs; 
p/s = 60 c/s) 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N377I 
CASE TEMPERATURE (Tc)=25°C 


COLLECTOR AMPERES (Ic) 


0 05 10 15 20 25 30 35 40 45 
COLLECTOR-TO-EMITTER VOLTS (Vc_) 


92CS-|3165T 


5 mA, 


Pee eeeeee ces eeea sees esse esas OeeeeSee OO EE SOOO HOET EEO EEE HESS DEES HOSE SSH OES ESSE ESOS OS 


Peer meee eee eee eee esas eee sees see seee esse ress eee® 


Prererrre rere rrr errr irri rere rere rer rere rer 


PPP erer errr rrr Creer erie rrr eerie eee 


TYPICAL TRANSFER CHARACTERISTICS 


V(BR)EBO 


Vcery (sus) 
Vcro (sus) 


Vcr (sat) 


TYPE 2N3771 
COLLECTOR- ibis EMITTER VOLTS (VcE)=4 


COLLECTOR AMPERES (Ic) 


0 O5 10 


B ae 


150 


230 


5 max 


50 min 
40 min 


2 max 


EMPERATURE (Tc) =150° Cc 


15 20 25 3.0 


BASE-TO-EMITTER VOLTS (Vee) 


92CS-13194T 


prddd < 


See curve page 112 


—65 to 200 
—65 to 200 


°C 
rc 
ud @: 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (Vcm = 4 V, Ic = 15 A, 


Re eeeeer I NED Sm GO CLS). is..s Xeccveiceescecssdebicncesesanassesceesces Ven 2.7 max 
Collector-Cutoff Current: 

Re emmy Wr (RG D5 OC civwcccccdsiscotevibaceteatvccncdactaess Icgo 2 max 

rie Nem FO, LG) == P5OCOC. a ccccccvccovessevecstececticseccbense Icgzo 10 max 

Mice mw OmVeON BE —— 15 Ve TG. =. Oo Co ecscivecccseccosses cece Icry 2 max 

Wene—so0Mv. Ven = —1.5°V,-To = 150°C 2k an Icnry 10 max 

Mite SOm eri R tO. To 25°C oa a Saas Icro 10 max 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ....iide Irso 5 max 
Pulsed Static Forward-Current Transfer Ratio 

(Vcn.= 4 V, Ic = 15 A, tp = 300 us, 

ROS G/S)) Miccstatsccecreckessucuececssectcesdossiciscscaceescdersenessecess hrn (pulsed) 15 to 60 

Thermal Resistance, Junction-to0-Case ........cccccccccccscccececeeees Os-c 1.7 max 


POWER TRANSISTOR 


Flange - collector and case. 


MAXIMUM RATINGS 


297 


°C/W 


2N3772 


Si n-p-n type with high collector-current rating (30 A max) for inter- 
mediate- and high-power applications such as public-address amplifiers, 
power supplies, and low-speed switching regulators and inverters. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 


SSOMCCUOP tO FtASE VOILA SC 26.5.5. ...60cdcccasciscceseniecswotovsevoonecescovecss Vcso 100 V 
Collector-to-Emitter Voltage 

Sa rok C 28 avn cwceuvesseso di saasss ec bdsuicad bboesbbvades iuecetdbelansss Very 100 V 

Wait RMN RID ORRIN E057, 5205.6 a0sc ik ces edseoecensn ci Uawececutedesesstaustissbaccassacouseeese Vcro 60 V 
PUPA LOS EASES PVOITALE  ~......)cesseccocasensissduncesocedacsssoabiensveseueonas VEBO 7 V 
BUNA Or BEECONI G2, 1a. ccs 055s onssesacdossvnseaostdanalabade Teck jadquisesssonconseteve Ic 30 A 
Transistor Dissipation: 

SOS MMR pM F555) 4 Sacccce dkcsstesoeuescsdudccuoussscsbsdeesiebedoeincssotdoces Pr 150 WwW 

Mer eECENS ONCE AD c Coted vos osc eccceseseciccuseccsssccvaceocersisceus cc cavstduveeeveass teeiecs Pr See curve page 112 
Temperature Range: 3 

Rie Seeeen MENS SAGE TUTACTION ), 5.2 ,cctscecdeassssdeesarsrecciaccetcktc tees miei Ts (opr) —65 to 200 (C; 

SH ROT TELE a SAU TstTG —65 to 200 ae 
Pin-Soldering Temperature (10 S MAX)  o.uccececessscceesseee Tp 230 Cc 
CHARACTERISTICS (At case temperature — 25°C) 
Emitter-to-Base Breakdown Voltage (Imp = 5 mA, 

Wee AD) BORER oh ARTA a ons vockcladestacssechstec scossiadooshesosstvvechecteas VBR) EBO 7 max V 
Collector-to-Emitter Sustaining Voltage: ; 

Arr dt ieee Ry aN Cee BA choi cccssas code doewdecodaccedseSete Netvescivs Vcrv (sus) 100 min V 

Nicer cramer ee rs 1s 23 ose ite ea chucsudeccacsvenscesseusdsccssahestsessecsis Vcro (sus) 60 min V 
Collector-to-Emitter Saturation Voltage 

(tee AS ic = 10 A, tp ='300 us, 

BD SOOO ECS) ie cacc sas incpenck cscevsschvacassaeccsesscdscossssecesdassovscese Vcr (sat) 1.4 max V 

Base-to-Emitter Voltage (Vcm = 4 V, Ic = 10 A, 

Pp —— POOOMUS HD / St" GO" .C/S)\ Suc. ccccccessavssesescsecuscecedccgssheetesvees VEE 2.2 max Vv 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 


TYPE 2N3772 


TYP 
E 2N3772 COLLECTOR-TO-EMITTER VOLTS (Vog) = 4V 


CASE TEMPERATURE (Te) # 25°C 


rae | 
an ol cal 


COLLECTOR AMPERES (I¢) 


2.5 


COLLECTOR AMPERES (Ic) 
“I 
a 


Oo OS 10 15 20 25 30 35 40 45 seh A 
COLLECTOR-TO-EMITTER VOLTS (Vog) 
92CS-I13184T 


Ro 
a 
r=) 


15 2.0 2.5 30 
ASE-TO-EMITTER VOLTS (Vp) 


92CS-I3188T 
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CHARACTERISTICS (cont'd) 


Collector-Cutoff Current: 


Vcs = Vi Tm ps0, eT Guess 25D 1 G3 cetssacectacrsnctecsetcavededites IcBo 5 max 
Vener 30 Veet le -0 4 Te EOS Crea hincccctiettoceeen Icgzo 10 max 
Vici == 100 2V 5 SVB ie pv kG a aces cclocccetcccasce Icry 5 max 
Mont) S0 eve BH 1 Ve LO LOCC eon ocecanes Icrv 10 max 
View tO pS 0 VT ae Cr. ecira sa theesner ete ws Icko 10 max 
Emitter-Cutoff Current (Ves TV sles 10): Betas Izso 5 max 
Pulsed Static Forward- Current Transfer Ratio 
(Vcz = 4 V, Ic = 10 A, tp = 300 us, 
D/S= =) GO FHS) as eee cocccecccosearhonstocetesasetcostiereereocteet esac hrn (pulsed) 15 to 60 
Thermal Resistance, JUNCtION=-tO-CaASE  ........cccccccccssecsecseeesees Qs-c 1.7 max 
2IN3773 POWER TRANSISTOR 


SDD bbb 


°C/W 


Si n-p-n type with high collector-current rating (80 A max) for inter- 
mediate- and high-power applications such as public-address amplifiers, 
power supplies, and low-speed switching regulators and inverters. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 


Flange - collector and case. 
MAXIMUM RATINGS 


Collector=to=BasescV ol tage iiaiccc cohen divas ccodendeseseacepscesnotcosnceeeteess Vcso 
Collector-to-Emitter Voltage: 

Vs Be AV See, Bees ceseceucctshes ch seocieeceoe ct uacccniteseeoees Vcry 

BAS GMa OP CIs fe tresa cre sao yatace ako catee seat noeas hatrasesunecsonsteterschesecsstceesnes VcEo 
Eimitter=t0=Base: “VOLLA SE o5- hoists ccscsscscasesspcseseseecccsessonsbnookecere torees VEBO 
GOTECtOPG CULKEME. eecscasccsseecceicasovecisstscicivisscsccomeateoscelocssuossesrnete Ic 
Transistor Dissipation: 

EGS UID BU 20 Cs ola tes ai ceno te ceanets ort sses oosaceeteertpsueacscts tancetoresaeteeees Pr 

HL CoPADOVEs 20s Coals ectene tose etee ee sce enone cana eae Pr 
Temperature Range: 

Operating-s (TUNCHION ) Prieta caesteetne ce eee ee een Ts (opr) 

SSUOL AL CEB rescrcgcstescaccsteccechetecctene meteasacesteteeter ers er ee eee Tsta@ 
Pin-Soldering Temperature (10 S MAX) on... eseeeeseeees Tp 


CHARACTERISTICS (At case temperature — 25°C) 
Emitter-to-Base Breakdown Voltage (In = 5 mA, 


AG Gy met 2UN) Paar AR Re crt th any iad top AR RNC Sade bears ot hah an nag tie V (BR) EBO 
Collector-to-Emitter Sustaining Voltage: 

Viens — 1-5 .V, 016. S63 BA ceccctx teen carte ee Vcev (sus) 

Ic = 0.2 A, In = Sees Sat Peper eer He rb tee chy Ct ae Vcro (sus) 


Collector- to-Emitter Saturation Voltage 
(In = 0.8 A, Ic = 8 A, tp = 300 us, 


D/Si5 == O07 CIS) iiieccntscccscect ccteteerste ete enc ece eae Vcr (sat) 
Base-to-Emitter Voltage (Vcm = 4 V, Ic = 8 A, 
=e UO SHE D/S: a h GOA CHS) \ikerceccactetscedccethsdetececsersateiesetovasios VBE 
Collector-Cutoft Current: 
Viens 51403 Visi 0 FT a Cree ee eee Icgo 
Vieni eS0eV ial ae Ose ber 150° Cur wicca on IcBo 
Vow =0140 Vin Vew 91.52 V5) To = 25°C seeks Icrv 
Veni =F 307V30 View 1 —L Sa, YTote 150° Crk nde acene Icnv 
Von = 120 V, In = 0, A Ce 5 Che iar ccteeea ect fd eee Icro 


TYPE 2N3773 
CASE TEMPERATURE (Tc)=25°C 
: =: sy creme cee a 


160 


160 
140 
7 
30 


150 
—65 to 200 


—65 to 200 
230 


7 max 


160 min 
140 min 


1.4 max 
2.2 max 


2 max 
10 max 
2 max 
10 max 
10 max 


TYPE 2N3773 


COLLECTOR-TO-EMITTER VOLTS (Vog)= 4V 


Pdd<d < 


See curve page 112 


°C 
°C 
°C 


<< 


: ies 
: 2 oe 
al | WwW 
WW e a 10 J 
=: = 
= a 
= «75 
re) 
hed a 
Oo 5 50 
rT as 
be 3 
2.5 
9 Oo 
0 O58 10 15 20 25 30 35 40 45 0° 0.5» LOU LSS 2O0cSS es 0 
COLLECTOR-TO-EMITTER VOLTS (Voge) BASE-TO-EMITTER VOLTS (Vee) 
92CS-13196T 92CS-13199T 


Technical Data for RCA Transistors 


CHARACTERISTICS (cont'd) 


Emitter-Cutoff Current (Ves = 7 V, Ic = 0) oe. eee 
Pulsed Static Forward-Current Transfer Ratio 
(Vczk = 4V, Ic =8 A, tp = 300 us, 
Opp ROU UEC) Si) tect ccscecssosericscesettncescscoccrescestevrteccccoseeieenee 


TRANSISTOR 


Inso 


hres (pulsed) 


Os-c 


5 max 


15 to 60 
1.7 max 


259 


mA 


°C/W 


2N3866 


Si n-p-n “overlay” epitaxial planar type for vhf-uhf applications in class 
A, B, and C amplifiers, frequency multipliers, and oscillators in military 
and industrial communications equipment. JEDEC TO-39, Outline No.12. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


e [TYPE 2N3866 2 
t  |COLLECTOR SUPPLY VOLTS (Voc)=28V g 
= 3.0 CASE TEMPERATURE (T,)=25° i 
. ol 
& = 
o2. F 
: : 
5 2 
be a. 
3 z 
er 2 
od S 
20: a 
= 0: z 
100 200 400 600 800 © 
FREQUENCY— Mc/s 


92CS3-13146T 


OPERATION CHARACTERISTICS 


TYPE 2N3866 
CASE TEMPERATURE (Tc) = 25°C 


ieiediay Su 


eS 
- a 


COMECTOL=1O-BASE -—VOITAZE sivsiccscccccscscsoesssocconseceevesnoccnecesesewsevense Vcgo 55 V 
Collector-to-Emitter Voltage: 

BS Tete OIG) Pearce cara, coc, ose a cadedes teak Watvocencoeteoned ckecheese VcErR 55 V 

EB oos ogc ansks épsennscntnsesdisveceetsicucstscheoshabaresttedeeac caveat ionkeees VcEO 30 Vv 
MAMUITLCT=tOs ASC VOLASC  ...:......ccccscccccscooscensscsccsonsoccocsseceoseonscoie VEBO 3.5 V 
RR AOE es waa Shn sda iouepsusovenobsdubasvorconcdoageosasecunidseceessesuene Ic 0.4 A 
Transistor Dissipation: 

PMU E SUAS EE CID TRS vast cccountssccestcunc¥ccnscctuceieascescccseccecsetechetoasesole: oecohe Pr 5 W 

Pe NRE NS ae ccc <-ocinn nn fa Fis eonyosso sn ctewccndeoseseonecesctseoatoocscees Pr See curve page 112 
Temperature Range: 

Operating (Junction) Ts (opr) —65 to 200 cc 

BRUT AC Mt ete tns Rc oescndhs icopsesSoetiesdiocesoesdcsuasaes TstG —65 to 200 ue 
Lead-Soldering Temperature (10 s max) TL 230 id © 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, ; 

105, S82 (0) ces fee See AR ee eee Es er VBR)cBo 55 min ay AN 
Emitter-to-Base Breakdown Voltage (In = 0.1 mA, : 

Dee ND ) PIO, adh Oess yeas -sesaatucsvevscsacssesorsshelocdpecescsaucocescsosssesesaseneeass V(BR)EBO 3.5 min V 
Collector-to-Emitter Sustaining Voltage: 

Me TAT APE GB He EO Og Oi Soe oeces tice ldotlnesdnsveccoacdoccscceceasseoces Vcrr (sus) 55 min V 
PL Che AIAN Se =O) «oo cacbsscs occscsdesseteaspocenoacscadccscspcesecoececcoeoeses Vcro (sus) 30 min V 
Collector-to-Emitter Saturation Voltage 

(Cheat COOP VAG? TB! 820 VINA) oo oooc co cecsgocccocccccossvescesecscacceees Vcr (sat) 1 max V 
Collector-Cutoff Current (Vczr = 28 V, In = 0) ......... Icro 20 max pA 
Gain-Bandwidth Product (Vcz = 15 V, Ic = 25 mA) fr 800 Mc/s 
Output Capacitance (Vcs = 30 V, In = 0, 

PS PE o ost snc soe cee neds vosdacesvocesissedssessiescsadscieovecessoetecdene Cobo 3 max pF 
RF Power-Output Class C Amplifier, Unneutralized: 

Vers 126-V, Pin — 0.05. W, f£.= 100 M/S. ....c.cccecccorrsee Por 1.8* WwW 

Veor—ics V, Pin = 0.1 W, f£ = 400 M/S ix.....ccccscnccasaess Pon 1f¢ min WwW 
* For conditions given, minimum efficiency = 60 per cent. 
{ For conditions given, minimum efficiency = 45 per cent. 

TYPICAL OPERATION CHARACTERISTICS TYPICAL SMALL-SIGNAL 


92CS-I315S8T 
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2N3878 


POWER TRANSISTOR 


RCA Transistor Manual 


Si n-p-n epitaxial type used in af, rf, and ultrasonic applications such as 
low-distortion power amplifiers, oscillators, switching regulators, series 
regulators, converters, and inverters. JEDEC TO-66, Outline No.22. Termi- 
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage .........cccccssccsssssssessssssenscssstercsseseseens Vcgo 120 
Collector-to-Emitter Voltage: V 

Fp ig OC earn ncotaae less cacudecucssactaceseveceseets sages teusatecscouvusaeseoteereest VceEr (sus) 65 V 

Base open (sustaining Voltage)  ............ccsscssssscssrsecceseeeees Vcero (sus) 50 WV 
Emittér=t0-=Basey VOlta ge (2. b5c.cs..coencccessdedonsnccvssseedect-sasrasurceccss VEBO 7 A 
COlSCTOrRCurren tier ccssncvsccncvocteassh cance cevavedeascrsserer se¥ i tesseete Ic 7 A 
Basei Curremtyers.:...cctsccccscessetss Pee eA AL RAL Ear aa ed eet ns Ip 5 Vv 
Transistor Dissipation: 

POG ae CO st oc Comte n conteeotenie maneccnee cs saccdeteunctcecietnemteecaaeteree tects Pr 35 WwW 

Pee ADOV Pe Ca ei tatecin cast Sassconscasdosdugece eodtbseswetotush sosterteetuitsnsse Pr See curve page 112 
Temperature Range: 

ODEeratin ape CJ UNCEION): pusieczecre cece tocssa cc ocseaccds oeteteteeae neuter sae Ts (opr) —65 to 200 eC 

StOPAG emer crcctscccets content OE HEC oe eee TstG —65 to 200 fC 
Pin-Soldering Temperature (10 S MAX)  ..........ceceseseeeeees ate 255 3 & 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage: 

1 Wer tect ak Uylawas Waal Wh areca | Ba pear ed eee Aime at ran erly AA irae eta fot Vcro (sus) 50 min V 

Tot=="0:29At epi, = 00 (OMe. ticcscderastecsscstactttie oe iene Vcer (sus) 65 min Vv 
Collector-to-Emitter Saturation Voltage 

Be rat hal eal WE Si | Asie sD peg nero reroute ate Rn SH ore hater case poner Vcr (sat) 2 max Vv 
Base-to-Emitter Voltage (Vcp = 2 V, Ic = 4 A) ......... VBE 2.5 max V 
Collector-Cutoff Current: 

Wom 240, VasiBe —" Oleh Cos oc Ceres reer rete ce eeee Icro 5 max mA 


MAXIMUM PULSE OPERATING AREAS 


TYPE 2N3878 
10 |-CASE TEMPERATURE (Tc)=25°C =e 
e}—— |+PULSE OPERATION--| 
6 Ic MAX } AINA AA 
4 


(CONTINUOUS) NAKA 


NN 


py eee me NS 

6 IS/b LIMITED \\i 
— \i 

4 


COLLECTOR AMPERES (Ic) 


2 
; 2 4:8 8, 2 46 806 
COLLECTOR-TO-EMITTER VOLTS (Vc_e) 
92SS-2794T 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 2N3878 
CASE TEMPERATURE 
eo 5 
ig 
$ fy 
= 3 Le, 
Ze 
a 
Ww ee Ls —_|} 
3 iA 
oO \ BASE MILLIAMPERES (lg)=l0 


ve 4 6 8 10 12 14 


COLLECTOR-TO-EMITTER VOLTS (VcE) 
92Ss 2197T 


MAXIMUM DC OPERATING AREAS 


ry 
Ic max—|—_|_| | 


COLLECTOR-TO-EMITTER VOLTS (VcE) 


92SS-2795T 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N3878 
COLLECTOR-TO-EMITTER 

“ 

a 

f 

<4 

4 

a 

re) 

Ee 

(3) 

Ww 

a 

[o) 

rs) 


05 10 15 
BASE-TO-EMITTER VOLTS (Vpe) 


92CS 13228T 
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CHARACTERISTICS (cont'd) - 


Vez = 100 V, Vee = —1.5 V, To = 25°C wnceccccsccceee Icrv 4 max mA 

Vce = 100 V, VBE = —1.5 V, To = 150°C. ......ccccccccese Icry 4 max mA 
Emitter-Cutoft Current (Ves = 4 V, Ic = 0) woe Irso 4 max mA 
Static Forward-Current Transfer Ratio: 

eM OAS ook cvvnscecensncoscccveccancccedcSehccncbcuccccoce hre 50 to 200 

wee ee, to 4° AS oc. ARO eA rent oe ah ee Ee ie eR hre 20 min 

NR oh Me oe ss acc cenenseccnrncccancocveceecclen hre 8 min 
Small-Signal Forward-Current Transfer Ratio 

eee ee, te = 0.5 A, f = 10° MG/S) jcceccscossiccsses.. hte 4min 
Second-Breakdown Collector Current (Vcz = 40 V, 

base forward-biased) ou.......ceeccsscsssscsscesscscssccssncccesscceessceecs Is/» 750 min mA 
Second-Breakdown Energy (Rsz = 50 9, L = 125 wH, 

BE = —4 V, base reverse-biased) .........cccccsesccsscceesceee Es/b 1 min mJ 
Gutput Capacitance (Vcs = 10 V, In = 0, 

(Eos Go a area UR ln Pe a a ee Cobo 175 max pF 
Thermal Resistance, Junction-to-Case ..........ccccceccccesesseeees Os-c 5 max °C/W 

POWER TRANSISTOR 2N3879 


Si n-p-n epitaxial type used in af, rf, and ultrasonic applications such as 
low-distortion power amplifiers, oscillators, switching regulators, series 
regulators, converters and inverters. JEDEC TO-66, Outline No.22. Termi- 
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 
This type is identical with type 2N3878 except for collector-to-emitter volt- 
ages of Vcer(sus) = 90 V and Vcro(sus) = 75 V, and the following items: 


CHARACTERISTICS (At case temperature — 25°C) 


(Ic = 4 A, Ip = 0.4 A) ........ ip ase adine Mer cinlnasle idee euler Oe ine Vcr (sat) 1.2 max Vv 
Base-to-Emitter Voltage (Vcke = 2 V, Ic = 4 A) ....... VBE 1.8 max V 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) .......... Izzo 2 max mA 
Static Forward-Current Transfer Ratio: 

Niesrome— mV PLC Osteo asec ccsessasacoccdccdocsseccetccsnteaties hre 40 min — 

iM DO a, coi saasantssetaael eliccseetnedioassees hre 20 to 80 

\acein vGach “Ee Uae 3 [Gilet RGD. nape te ne ge hre 12 min 
Second-Breakdown Collector Current (Vcr = 40 V, ; 

DASE STGEWATO-DIASC ) 5a... skin... cesnevensvecevestnsesorovessdvnvsosernecseres Is/b 500 min mA 
Delay Time (Vcc = 30 V, Ic = 44, 

REP TB, = 0.4 A) on cecessovncnrasnnrncsnesensisvdndssvastonte ta 40 max ns 
Rise Time (Vcc = 30 V, Ic = 4 A, 

In, = 0.4 A, In, = —0.4 A) ........ eee ee etme See. Bom tr 400 max ns 
Storage Time (Vcc = 30 V, Ic = 4 A, 

ee a A OA A) on snencscenosenrsctevennateensarnlaoenset ts 800 max ns 
Fall Time (Vcc = 30 V. Ic = 4 A, 

ce TT 8 6 ce a) a tr 400 max ns 

MAXIMUM PULSE OPERATING AREAS 
TYPE 2N3879 
10 }CASE TEMPERATURE (Tc) = 25°C 
8 }+— PULSE OPERATION —+{|_| 
cy 
n 
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a 
ye) 
oO 
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| 2 46 8), 2 8100 
EREECTOR-TO-EWTTER VOLTS IVCE) COLLECTOR-TO-EMITTER VOLTS (Vc_) 
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TRANSFER-RATIO CHARACTERISTICS 


TYPE 2N3932 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f) = 100 Mc/s 

FREE-AIR TEMPERATURE (Tra) = 25°C 


B 


nN 


5 
3 


+ 
° 


8 


o 
FORWARD TRANSFER CONDUCTANCE (9 ¢, ) 
OR SUSCEPTANCE (bfe) - MILLIMHOS 


SMALL-SIGNAL, SHORT-CIRCUIT, 
FORWARD-CURRENT TRANSFER RATIO-(h¢@) 
@ 


COLLECTOR 


= 


ILLIAMPERES (Ic) 
92CS -12756T! 


RCA Transistor Manual 


2N3932 TRANSISTOR 


Si n-p-n epitaxial planar type for general purpose vhf-uhf applications in 


TYPE 2N3932 

7OFCOMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

60 FREQUENCY (f) = 200 Mc/s 

FREE-AIR TEMPERATURE (Tra) = 25°C 


AND SUSCEPTANCE CHARACTERISTICS 


COLLECTOR MILLIAMPERES (Ic) 
92CS-I2759T 


2N3933 TRANSISTOR 


Si n-p-n epitaxial planar type for general purpose vhf and uhf applications 
in rf amplifiers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - 


rf amplifiers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - 
collector, 4 - case. ; 
MAXIMUM RATINGS 
Collector-to-Base Voltage ...cis.cisccsssiecocnscsscsnetennttovacedadotenreonneenet Vcso 30 Vv 
Collector=to=Emitter Voltage | ...ccccccccsiscsesessecsccenscesssessssoveonses VcEO 20 V 
Emitter=to0-Base 7 V Ota ger Re. wiicesden.nceetheststcniaceltvssetesecsesseuteseee VEBO a2 50 Vv 
CollectorMCurr ents wk WN iesckes aacassarinvessavet acevseee seein Ic Limited by Power 
Dissipation 
Transistor Dissipation: 

POA AID) MUOM 25 Ch can assassin oss anaccan ete nane faites AOE Pr 175 mW 

SEA ADD OV CMU 2 0s Cer. Coecs cotuatst sautvatecttestscauszcauscse reves cestenanace cbs ndeaasavovse Pr See curve page 112 
Temperature Range: 

Operatin ewe CUNEO veer scccsicccessechetsthaecs ys ceseeas eaveneemeereoatws Ts (opr) —65 to 175 ie 

shot SSLOLAL Cle ies sachs aes tas cssshoveecis ss ova tecustvictorseuaeeevodeus mtr omtoee eae TsTG —65 to 175 Le) 
Lead-Soldering Temperature (10 S MAX)  ...........eeeeeeeeee TL 230 2c 
CHARACTERISTICS 
Collector- to-Base Breakdown Voltage (Ic = 0.001 mA, t 

Ir )) Ree oie eat kD ew BG I ee eae VBR)CBO 30 min V 
Collector- to-Emitter Breakdown Voltage (Ic = 1 mA, 

sees 0 et ec ass SAE tnt ec each es Oe, Bera tease V(BR)CEO 20 min Vv 
Emitter- to-Base Breakdown Voltage (Iz = 0.001 mA, 

Ic eee errr ces tee eee csceeere emt orete aneec rere cc Meer eat rere ce Cen neces V(BR)EBO 2.5 min Vv 
Collector-Cutoff Current (Kory Sabi A, Abo SS ata IcBo 0.01 max pA 
Small-Signal Forward-Current Transfer Ratio 

(Vcz = 8 V, Ic = 2 mA, f = 100 Mc/s, 

Lead = NOmg4 e YOUNG OG!) aah erie ees viactecesc.as ssa desscssessccssonasssagueone hte 7.5 to 16 
Gain=Bandwidth= Product ecscstteccsecccecsscsces te tev -thes cosa eae ete fr 750 min Mc/s 
Collector-to-Base Time Constant (Vcsp = 8 V, 

Tyga 2 Ase fo SOP IMCS) teres se. socasersses ence eset Yb'Ce 1 to 8 ps 
Output Capacitance (Vcp =-8)V,; In = = 

f = 0.1 to 1 Mc/s, lead Nos. 1 and 4 connected 

LOM LUArCeCEriminal ) gar se srsssesct ees ve vedacdett oe saace sodieesceadancsasetates Cobo 0.55 max pF 
Static Forward-Current Transfer Ratio 

(QViGE p= eSe Vie Lots S2n IN A Oe Ae. cecccccnee i iiesecceeeccoerescosocmon caters hre 40 to 150 
Small-Signal Power Gain, Unneutralized Amplifier 

(Vcsp = 8 V, Ic = 2 mA, f = 200 Mc/s, 

lead: UNO 4=2TOUNnGEeG))2 ere os res eee eee Gpe 11.5 to 17 dB 
Noise Figure: 

Vcr = 8 V, Ic = 2 mA; Rs = 200 Q) f =-200 Mc/s... NF 4.5 max dB 

Vcr =-6 V,, Ic = 1.5 mA, Res= 100 9; 

LR MAS OP IMC Sire crtee cette ee eee a NF 5 dB 
TYPICAL SMALL~SIGNAL FORWARD-CURRENT TYPICAL FORWARD TRANSFER CONDUCTANCE 


Technical Data for RCA Transistors 


collector, 4 - case. This type is identical with type 2N3932 exce 


following items: 
MAXIMUM RATINGS 


POPC COLORS OOOO OEE DOOD LOD ODES >>> OOOO SOON DOOD 


CHARACTERISTICS 
Si gph ein tesa Breakdown Voltage (Ic = 0.001 mA, 


ee ee eee ere rer eri rrr rrr errr errr errr errr er re errr rer ry ye rrr 


E = 0) 
Collector-to-Emitter. Breakdown Voltage (Ic = 1 mA, 
Ce 4 
Static Forward-Current Transfer Ratio 
(Vcr = 8 V, Ic = 2 mA) 
Small-Signal Power Gain, Unneutralized Amplifier 


POEM OOO R OSC EE SHED OOD OSES DLO HEED OSE OEE OSES OCOD ESO OD OSS OES O OSES OSSD ESSE OEEC LOSSES 


CORSO SOROS EOE SOD OSLO OHO Deseo OEE HE DEEEEHEESEDOOONE® 


(Vcs = 8 V, Ic = 2 mA, f = 200 Mc/s, 
POGEraNO. «4 1 STOUTICEG) \ ......2..0.0cccevbecssescsivsececeasednenees 
Collector-to-Base Time Constant (Vcs = 8 V, 
eer en a LD MC IS) | os ccscesedicenoinsnsdoocenadneseeateteccdesecs 
Noise Figure (Vcn = 8 V, Ic = 2 mA, 
ee et OE E200 MIC/S) | vcavessoccvsteceseverasecnchscnenssecoodioseeee 
TRANSISTOR 


Vcso 
Vcro 


VBR) CBO 
V (eR) CEO 


hrr 


40 
30 


40 min 
30 min 


60 to 200 


14 to 18 
1to6 


4 max 
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pt for the 


<< 


ps 
dB 


2N4012 


Si n-p-n “overlay” epitaxial planar type designed to provide high power 
as a frequency multiplier into the uhf or L-band frequency region in mili- 
tary and industrial communications equipment. JEDEC TO-60, Outline 
No.20. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage 
Collector-to-Emitter Voltage: 

Vaz = —1.5 V 

NEN a occa ca fa soickcatesnacvnaisleainolonseevineteicenesi ei cnonawihs 
Emitter-to-Base Voltage .......c..ccccsssscssssscsssccsscocsssscessesssensssess 
Collector Current 
Transistor Dissipation: 

MN oop an Tyce oc psu nsgocde Seanestucdencnedlowvéccticococdeceits 

eM NN ono cso nsivgncas scivnciviiveece obclonabhacceseccccen vst cobabuussinne 
Temperature Range: 

Operating (Junction) 

ee OM tes Sy oc cubSe anos cadns wnseaveneecs fasLisosongdeccoccaciavedemlonkcieents 


POC eee ee Oooeresorersesersos eee Oooo e soe reeEeoeeoee® 


POL COTO OSCE OOSO OOOO EOE OOOO OOOO OOOO OE EO ODED OO DOS HOSE CEES EbOOEOODDO® 


PCCP OTOO SOOT ODEO OSSD OLOO ODDO SOO DOSES ODED DEEDES OSES OS OOOO EDO ESOO OOOO OOOe 


Cee eee errr rrr irr rrr rrr reir rer rey 


CHARACTERISTICS : 
patlecine den Fase Breakdown Voltage (Ic = 0.1 mA, 


PPP eee er errr rrr irri errr errr errr sir rrr rrr rrr rr iri ey 


Ni ' 
Collector-to-Emitter Breakdown Voltage: 


an inductor L = 25 mH, df = 50% 


eovecceseeessoossece 


PC CHOCOO SHED OOOO OTTO SO ODO SES DOS ESSE DEO DEOEOO SDD OS DOO DOO OSSD SOOO OE SO OOOE SOOO DO OSOOONOS 


Re ee ee as =~ 100 A) hic. cscocercsccsseedonSeessdecenne 
Collector-Cutoff Current (Vcm = 30 V, In = 0) ......... 
Intrinsic Base-Spreading Resistance (Vcn = 28 V, 

c = 250 mA, f = 400 CLS) iret eee teen eee I: 


f = 1 Mc/ 
Collector-to-Base Cutoff Frequency* 
Vow =="28 -V, Ic =: 0) 


POPP OCOOOLOO LOO OOOO LOSS OSD ODEO OOOO DOSES DOTS SEEDED EEO SOOC SESE SOS OOES EONS 


PO POCCE DOD DEDEDE DOSS OOS EHS DOES EOE SO OE OEE E SEED EEOC OOS 


* Cutoff frequency is determined from Q measurement at 
of the collector-to-base junction of the transistor, fe — Q x 210 Mc/s. 


frequenc 


Vcxso 65 V 
Vcrv 65 V 
Vcro 40 V 
VzEBO 4 V 
Ic 1.5 A 
Pr 11.6 
Pr See curve page 112 
Ts (opr) —65 to 200 SC 
TstG —65 to 200 eC 
Tp 230 cc 
V(BR)CcBo 65 min V 
V (BR) CEO 40 min V 
V(BR)CEV 65 min V 
VBR) EBO 4min V 
Vcz (sat) 1 max V 
Icro 0.1 max mA 
Ybb’ 10 Q 
fr 500 Mc/s 
Cobo 10 max pF 
fe 25 Gc/s 
Por 2.57 min W 
Pon 38 WwW 
210 Mc/s. The _ cutoff 


} For conditions given, minimum efficiency = 25 per cent. 
™¥For conditions given, minimum efficiency = 35 per cent. 
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35, VPICAL OPERATION CHARACTERISTICS 


TYPE 2N401I2 

CASE TEMPERATURE (Tc) = 25°C 
3 CURVE A: DOUBLER 
CURVE B: TRIPLER 
CURVE C: QUADRUPLER 


$ 
iS = 
<q | . 
= c= 
: = 
> be 
& 3 
eas 8 
a o. 
i 

2 x 
3 5 
oc = 
v5 2 
: : 
w | z 
& 08 me09-n0 «1 (2auml Ss oy leeeeS < 

OUTPUT FREQUENCY (fgyj7)-Ge/s 
92CS-13465T 


2N4036 


RCA Transistor Manual 


TYPICAL SMALL-SIGNAL OPERATION 
CHARACTERISTIC: 


TYPE 2N40I2 
COLLECTOR-TO-EMITTER VOLTS (Vc¢) = 28 
CASE TEMPERATURE (Tc)= 25°C 


COLLECTOR MILLIAMPERES (Ic) 


POWER TRANSISTOR 


92CS-12569T 


Si p-n-p double-diffused epitaxial planar type used in a wide variety of 
small-signal, medium-power, and high-speed saturated switching applica- 
tions in military, industrial, and commercial equipment. The p-n-p con- 
struction permits complementary operation with a matching n-p-n type 
such as the 2N2102. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 


2 - base, 3 - collector and case. 
MAXIMUM RATINGS 


Collector-to-Base Voltage ............ccccccsssscsssssccssssescssseccssssscscscees VcBo 
Collector-to-Emitter Sustaining Voltage: 

AYA Soe femes. A RSE ON fe “enn Pera eg oes eR eA aR oats eis Me Vcry (sus) 

PEA oh mens 7 VR 2) BS helenae a cian cp Mie he Any ey ARE ee er Vcrr (sus) 

BRASOD. OUEN) one cern cc ca riagece te tredece iocttesescrrenieess ancien on aie Vcro (sus) 
EMMUIClErslOS BASE) VOMARE » coj..ctinasesesoccctanscceaccéecdkg <doncscassrccensasese VEBO 
Collector ACurren bt. BAe ete eee cero esatece Ic 
PS ASEMMGUIEL C21 Got eeric sins snnce oceocecesssetifaniscesssectictercs eaten teen. Iz 
Transistor Dissipation: * 

RUD BLO ros Ct oo Nate cede rortpnaccdaeene arr tcaere oi eens Ronetieces Pr 

FOMUULED A COGs BOM -occccSareacossnloetcameee Nee eet es ete er ee earesake Pr 

PP Ole LOS DOVES Da’ C da ccgredh teste iatccnssercesecessoieioncen, Pr 
Temperature Range: 

OPCFalilim OPN tion), oxcsak cre eetees cctaneescecescinsiscsevecde tassiocicnotes Tz (opr) 
ES TOTAL Cease hee ihacel orale orcntrce ites en Tste@ 
Lead-Soldering Temperature (10 S Max) vices Lr, 
* See curve for maximum pulse operating areas. 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

dW: ictemtiy) |B leery ener re narra cr mreyhoner mej oriey ae CAS Bl Wind Boy, 3 V(BR)CBO 
Emitter-to-Base Breakdown Voltage (Im = —0.1 mA, 

4 Ro Grommet 1) Lacerta nA Sar EO RIN ort i st ee BRP ERC. o Ara ba V (BR) EBO 
Collector-to-Emitter Sustaining Voltage: 

Ver = iSEo eV 50 Oe worl OOMITA. 2.3 tucducckecheicentueonee Vcev (sus) 

Rep7s=-200 16s 2—100nmM AS hs. SO ne Vcrr (sus) 

Toes 100 SAS 21 OIF occ csctecootetven eee ee Vcro (sus) 
Collector-to-Emitter Saturation Voltage 

(loo 2150; MAS i S415" mA) ecco Vcr (sat) 
Collector-Cutoff Current: 
fee VCE CO SV Lay tt ORR oer oxo. sievbu Rows ioavbaeoeevsevernessartoass Icso 

Vicon sat o02V in a Oe ay ee ees lr ee Icro 
Emitter-Cutoff Current (Ves = —5 V, Ic = 0) use InBo 
Static Forward-Current Transfer Ratio 

Von 6-10 -V, tie =: —OL ISM A FA ee ee hre 
Pulsed Static Forward-Current Transfer Ratio: 

Ven = —10 V, Ic = —150 mA, tp = 300 us, df S 2%  hrn(pulsed) 

Vcz = —10 V, Ic = —500 mA, tp = 300 us, df = 2% hrs (pulsed ) 
Small-Signal Forward-Current Transfer Ratio 

Vcz = —10 V, Ic = —50 mA, f = 20 Mc/s) ............ hte 

Input Capacitance (Ves = —0:5 .V, Ic = 0) cesses Cibo 
Output Capacitance (Vcs = —10 V, Ip = 0) ou... Cobo 
Saturated Switching Turn-On Time (Vcr = —30 V, 

Ic = —150 mA, Is, = —15 MA, Ves ~~ 4°V) cesses ta + tr 
Saturated Switching Turn-Off Time (Vcnr = —30 V, 

16% 1505 mA; ino =F1S MAS Vaw 4) Ni nists ts + tr 
Thermal Resistance, Junction-to-Case  ...ceccccssccscssssesees @s-c 
Thermal Resistance, Junction-to-Ambient  ..........00+ Qs-A 


—30 V 
—85 V 
—85 V 
—65 V 
—7 V 
—1 A 
—0.5 A 
1 WwW 
7 WwW 
See curve page 112 
—65 to 200 °C 
—65 to 200 {e. 
230 we: 
—90 min V 
—7 min V 
—85 min V 
—85 min V 
—65 min V 
—0.65 max V 
—0.002 max LA 
—0.5 max HA 
—0.02 max LA 
20 min 
40 to 120 
20 min 
 3min 
90 max pF 
30 max pF 
110 max ns 
700 max ns 
25 max °C/W 
165 max °C/W 


Technical Data for RCA Transistors 


MAXIMUM OPERATING AREAS 
TYPE 2N4036 


CASE TEMPERATURE (Tc)=25° 


w 
g 
oO 
nf o 
a {e) 
w =< 
a Ba 4 
Ss ms 
q ! 
x WwW 
5 = 
- - 
oO 
WwW oO 
4 z 
ae 
o | a 
“ha = 
wn 
e | 
| 2 4 6 8 10 2 4 6 8100 
COLLECTOR-TO-EMITTER VOLTS (Veg) 
92LS-l290T 


POWER TRANSISTOR 


TYPE .2N4036 

1000 Ic: 101B, = lOIBs 

8>FREE-AIR TEMPERATURE (Tea) = 25°C 
A pee ag a 
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TYPICAL SWITCHING-TIME CHARACTERISTICS 


COLLECTOR MILLIAMPERES ( Ic) 
92L9-1267T 


2N4037 


Si p-n-p double-diffused epitaxial planar type used in a wide variety of 
small-signal, medium-power applications in military, industrial, and com- 
mercial equipment. The p-n-p construction permits complementary opera- 
tion with a matching n-p-n type such as the 2N3053. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


POMECTOLP=LO— BASE: MVOLTABC coca cisseccescscosessrvaccocsdesessancoselosssveoses 


Collector-to-Emitter Sustaining Voltage: 
VseE = 1.5 V 


Transistor Dissipation: 2e 
Ta up: to) 25°C 


Temperature Range: 
Operating (Junction) 


SHOALS”. “sessed HR SaSS i ARRE R eeee aI  SOR ip en ac | Aa RR 


* See curve for maximum pulse operating areas. 


CHARACTERISTICS (At case temperature — 25°C). 


pr etecer pes -Base Breakdown Voltage (Ic = —0.1 mA, 
esse sy Sh ncn nanan snd Seces se astateonacces sincooovostuacceacts 
Emitter-to-Base Breakdown Voltage (Iz = —0.1 mA, 


i ae NE eas rated Ved ct ovic a cease osvaccenvxsccecaceetaacdoodssaridonnnecceadeys ee 


Collector-to-Emitter Sepa’ Voltage: 
Vase = 1.5 V, Ic = —100 mA 


Collector-to-Emitter Saturation Voltage 
(Ic = —150 mA, In = —15 mA 
Collector-Cutoff Current: 


Eee OO MV iG MPL tye OS 8. eaceoe cohen fase sodcacowdueiuls Guvcccaceotocoase 
festa OM ry te ac OT SILER scrote dosssecs sees svessscossteosocses 
Emitter-Cutoff Current (Ves = —5 V, Ic = 0) .... qsies 
Static Forward-Current Transfer Ratio 
(Oo V5 LO ed MAD) eon ss ceihacsccecdeneescbesesescec 
Pulsed Static Forward-Current Transfer Ratio 
(Vcze = —10 V, Ic = —150 mA, tp = 300 us, 
I FOI Fs Gia tosh FeO aps xakoth andes cgioWs iaacoagns anced odecvesacdenpeaseons 
Small-Signal Forward-Current Transfer Ratio 
(Vcze = —10 V, Ic = —50 mA, f = 20 Mc/s) ......... 
Input Capacitance (Ves = —0.5 V, Ic = 0). aia 
Output Capacitance (Vcsn = —10 V, Im = 0) ..... ee. 
Thermal Resistance, Junction-to-Case .....cccceeseeceees 


Thermal Resistance, Junction-to-Ambient ................... 


eee eee eee eee rece eee rere rere rer rrr rr errr errr errr ree ee rere Ter yyy 


Ree = PN) EO) Me secon nes sn eunbet ces tuctovac ocrnsaceostcceosue nes ecb. 
MAS MNORUC MME ere eae oo sn yoo Seaver sscanssentice ie eoeotoessiscetettsenewotsocsieeks 
PETTITT LOS OSC VOILA GC: oo. .sccscnacssovoesessdovieosdevedouscesaseoessosebecee 
REO RS IE GOING, e260 oe. 0 oe occ onassanen es ssovessep8scuscecetseseussdusecesentsoscade 
“EXDSYS (COUUTTRETEIA cicero ee 


PAPO eee ee ene ee eee reese sees eCE eH USE ESE H ESSE OEE HOES EESESORHOESSESEEES 


SEG) TES» ICON ARS Ge RR Sn 
EL Aten Os Cae tea DOW Ce Oh Ci cs An ce cococerecdsesstacieccaccuceccsersosencedsesecces 


SOE e eee eee e eee eee ee eee eee ee ESOS SEES HEE SOOO ROSE FE® 


Coe e reer errr eseeraesasseessecesseesesseees 


TEU, LCi) —1 OO MINA oak, sacs ssseccoocssevcsecvesssoasecsescors 
Ic = —100 mA, 1 Bah g Sas al i ata ee ta SY nan RR 


One mmm neeeeeee reer cesseeeeeeeeseses 


Vczso 


Vcey (sus) 
VceEr (sus) 
Vcero (sus) 
VEBO 


Ts (opr) 
TstG 
She 


V(BR)CBO 
V(BR)EBO 
Vcev (sus) 
Vcrr (sus) 
Vcro (sus) 
Vcr (sat) 
IcBo 

Icro 

Irso 


hre 


hre (pulsed) 


hfe 

Cibo 
Covo 
@s-c 
Oj-a 


—60 


—60 
—60 
—40 
—T 
—1 
—0.5 


1 


2 
See curve page 112 


—65 to 200 
—65 to 200 
230 


—60 min 
—7 min 


—60 min 
—60 min 
—40 min 


—1.4 max 


—0.25 max 
—5 max 
—l1 max 


15 min 


20 to 100 


3 min 
90 max 
30 max 
25 max 

165 max 


Vv 
Vv 
V 
Vv 
V 
A 
A 
WwW 
WwW 


°C 


° 
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TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2N4037 


-600 


t 
a 
°o 
12) 


¢ 
> 
9° 
(2) 


COLLECTOR MILLIAMPERES (Ic) 
ma 
oO te} 
oO (e} 


0 -4 -8 Gi2govelS sa=20 5) =24 5-26 


COLLECTOR-TO-EMITTER VOLTS (Vog) 
92LS-I29IT 


3N98 


RCA Transistor Manual 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


=, | TYPE 2N4037 
& — | COLLECTOR-TO-EMITTER VOLTAGE (Vo¢)=-IOV 
= l20 
ae 
= 100 : H 
kK 
wn ul 
Zz pTURE (Tr) BALES BD 8 
<q 80 5°, 
Fea 
= 
60 LN 
2 SHENAE 
agieetie cient 
ui Ee 
an Basie SD atias 
z Ee PTT TAL 
= pe 1 AIEEE EN 
Ol °2.0 “10. SOD MOE 
COLLECTOR MILLIAMPERES (Ic) 
92LS-l292T 


FIELD-EFFECT TRANSISTOR 


Si insulated-gate field-effect (MOS) n-channel depletion type for low-power 
af and rf applications in which high-input resistance (10” ©) is required 
at frequencies to 60 Mc/s and conservation of battery power is a primary 
consideration. Similar to JEDEC TO-72, Outline No.23. Terminals: 1 
source, 2 - gate, 3 - drain, 4 - substrate and case. 


TYPICAL DRAIN CHARACTERISTICS 


TYPE 3N98 

COMMON- SOURCE. CIRCUIT, SUBSTRATE 
CONNECTED TO SOURCE. 

FREE-AIR TEMPERATURE (Tra) =25°C 


DRAIN MILLIAMPERES (Ip) 


i rad 
— 
0 5 10 & 20 25 30 35 


DRAIN-TO-SOURCE VOLTS (Vps) 
92CM-|2818T 


TYPICAL LOW-LEVEL BIDIRECTIONAL 


OUTPUT CHARACTERISTICS 


TYPE 3N98 
COMMON ~ SOURCE CIRCUIT, 


“ 0.2] SUBSTRATE CONNECTED 
= TO SOURCE 

o FREE-AIR TEMPERATURE / 
0 

WJ 

a 

= 

<q 

= 

2 

= 

2 

q 

ec 

[=) 


TK ae 
DRAIN-TO-SOURCE VOLTS (Vps) 
92CS-I2824T 
TYPICAL AMPLIFICATION— 
FACTOR CHARACTERISTIC 


0.3 


TYPE 3N98 

COMMON-SOURCE CIRCUIT, SUBSTRATE 
CONNECTED TO SOURCE 

DRAIN-TO—SOURCE VOLTS (Vpg)=l2 

FREQUENCY (f) =I kc/s 

FREE-AIR TEMPERATURE (Tra)=25°C 


AMPLIFICATION FACTOR (yu) 


GATE-TO-—SOURCE VOLTS (Ves) 
92CS-I2819T 
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MAXIMUM RATINGS 


PRPS OLIE CE V OLLA LC 5... .se.ciccccciccscecsctsccscésececccesdesdecsdeccascs Vos 32 V 
PDO GALESTORSOUTCE  VOMAGE liiccccccccocescossosccescdvcoednssccossceccecsse Ves —6 to 2 V 
Peak Gate-to-Source Voltage o....cccccccscccccccsscscssssceccsssssccssesees Ves SEL5 V 
WIE GAate=tO=SUDStLALE VOlta Ge -ciccccccccicccccsssccossseteccsccesesnsosssess Vas —l1 to2 V 
Peak Gate-to-Substrate Voltage o....cccccccccsssssssssccssssssceece Ves Sey V 
PRU TOM SISLEALE | VOlLAZE  <..........ccssrcccocecsecevscssssecscsceosconseose Vos —0.3 to 32 V 
I 625k. Sos ve nnnse sh esacestscascatcnauccsnyebcdcssvsnessuccdaccccdecsoss Ip 15 mA 
Pemiststor wsissipation: (TA Up FO. 85°C i.ccec.ccesesscccocscscsees Pr 150 mw 
Ambient-Temperature Range: 

Operating (TA). and Storage (Tsre) ..cccccccccccccsccosscoocss —65 to 85 Xe: 
Lead-Soldering Temperature (10 S Max) Lueceseseeees TL 230 2C 
CHARACTERISTICS 
Gate-to-Source Cutoff Voltage (Vps = 12 V, 

UD ee BLD. 1A “actenheoneesae a ena Re Ses een Ves (OFF) 6 max V 
Gate Leakage Current (Vps = 0, Ves = —6 to 2 V) .... _ Iass 0.1 pA 
Drain-to-Source OFF Current (Vps = 70 Vs 

NEGBA E ) a sais Ce OTS SES eS, 5 sSck ec Se cannen suabsbtelbea oes sz cécs sonecees Ips (OFF) 50 pA 
rein Current GOV ns == 12 V5 Ves =" 0) © cescscccgedeceasevccesosese Ip 3.5 mA 
Drain- to- Source ON Resistance (Vinss=U6--V;, 

DUAR OBR UB) eco y ee seve ec+< seey seh ccseeessedvessdeos cities saves donetasseendetanses rps(ON) 900 Q 
Forward Transconductance (Vps = 12 V, Ves = 0, 

Sra MEL (8), SS) coe Sec es ci Ss og RNS S51 os as'csces ovesve cesar in asvavsaeboaeredete £ts 1000 to 3000 wmhbhos 
Forward Transadmittance (Vps = 12 V, Ves = 0, ; 

Be oda s cos ccce seins nesoccvoscucesokcvosedveesencedeceboneeee Yrs 1000 min ymbhos 
Input Conductance (Vps = 12 V, Ves = 0, 

(TSR) ie aS aR ee a a a Zis 80 wmhos 
Output Conductance (Vps = 12 V, Ves = 0, 

iE gee GD WY OWS © ae anni pian on ea a CR Re Los 200 wmhos 
Small-Signal Short-Circuit Reverse Transfer * 

Capacitance (Vps = 12 V, Ves = 0, f = 1 Kc/s) ......... Crss 0.5* max pF 
Small- Signal Short-Circuit Input Capacitance 

rere ce Vas 0,-£ = 1 KC/S)) cciclecscccccecccsscesscososens Ciss 7* max pF 
Spot Noise Figure (Re. LUMO; Vos’ =,.12-V, 

rem Bae ICC LS ) 50s ccdssucecsscborcoesoancdsacoeescesavudscotcncroceusese NF 7 dB 


* Maximum values shown for Crss and Ciss are for devices with 5/16-inch leads. 


FIELD-EFFECT TRANSISTOR 3N99 


Si insulated-gate field-effect (MOS) n-channel depletion type for low-power 
af and rf applications in which high-input resistance (10° ©) is required 
at frequencies to 60 Mc/s and conservation of battery power is a primary 
consideration. Similar to JEDEC TO-72, Outline No.23. Terminals: 1 - 
source, 2 - gate, 3 - drain, 4 - substrate and case. This type is identical 
with type 8N98 except for the following items: 


CHARACTERISTICS . 
Seemirene irene ( Vins == 12° V8 Vas = 0) nssacicssccscssnccencacsouss Ip 5 to 10.5 mA 
Drain-to-Source ON Resistance (Vps = 6 V, 
WSS SSS) ONO) 2 een tN eae eh ee te a rps(ON) 800 Q 
Forward Transconductance (Vps = 12 V, Ves = 0, 
Aaa EO 1 rN on. See nk Ao b ct cesacies cecboebeasesteseasos soo scoavses Qts 1000 to. 4000 umhbhos 
POWER TRANSISTOR 40022 


Ge p-n-p alloy type used in class A and push-pull class B service in high- 
fidelity af power-amplifier applications. JEDEC TO-3, Outline No.2. Termi- 
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


SOIIECTOL=1O-BASC: VOMALC. Soiveicdi.ccsccteeseccvsdssbesduevevosssccoscsauessesese Vczso —32 V 
Collector-to-Emitter Voltage (Rez = 30 Q) ...... ee VcER —32 V 
PETAL EO UO mS ASC mV OLLA LCS o.écccasn0nd0 ascessesocccdecvesbesiceseiseloceessekccenks VEB0 —5 V 
Be RMN CoCo VCO UTE CEN G sr scar ss. cnscsvssoccescensdestooescconcedeonceedsiesusorseaccsssveccene Ic —5 A 
REPT MLO OU EN OLN DME per eee es tye ecccsscusacesesoacseascscacsdsncondoosacosccdecaceacectcreettesese In —l1 A 
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MAXIMUM RATINGS (cont'd) 


Transistor Dissipation: 
Tur up to 81°C 
Tur above 81°C 

Temperature Range: 
Operating (Junction) 
Storage 


Pin-Soldering Temperature (10 s max) 


COOP ROE OSE SS ESOS TEESE E ESSE SEE ETEO SESE SESE ESSE HOSS OTRO OEOD 


COCO eee SOO OEE EOO ESOS OSE SSSEEESSOEEEE ESSE SESH ESOS SOOEESEESEOOSESS 


Sees e eee EOE SOOT O SEES TOSSES ESOS SSESESET ESET OSTO OSES OOOO EESOEESESESS 


OOOO Ce Oooo eee OSES EEE SEOOEEESEEOO ESE SESS ESSE SESESSOO SOOT ESOS TOS OOOO OSES ESOOOESEEEOS 


eeccseseeeeeeeoeeeeasese 
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CHARACTERISTICS (At mounting-flange temperature — 25°C) 


Sena) oat pen a Breakdown Voltage (Ic = —0.005 A, 


Preeti errr 


E = 0) 
Collector-to-Emitter oe Voltage 


c = —0.2 A, 


Emitter-to-Base 


Rsr = 33 
Breakdown Voltage 


(Iz = —0.002 A, Ic = 0 


secs sta yaa Voltage* (Vcs = —10 V, 
ee OO A) ae Sacccscvecccdetctscue veccsncdcecoces teucttecttiocdtcgnnnaneesoattese 
Collector-Cutoff Current (Vcs = —30, In = 


POCO ee ee eee e SO ESOEOESESSOO EE EEEE ESOS EEE EEE EEE® 


Pee eee ee eeO eer eee seers ssesesOSeees OSES SEESESESEEE® 


Collector-Cutoff Saturation Current 


(Vcp = —0.5 V, I 


E = 0) 


COCO reece es eeosee reese sess sees seeesee sees EESeeee® 


Static Forward-Current ppanster Ratio 


Vcr = —2 


Thermal Resistance, 


-5 


i] 

w 
ee Ce i RS 
eles 


COLLECTOR AMPERES (Ic) 
\ 
n 
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(Fe -20_ 


V, Ic = —-1 


Poe eres rere ceer ress ssss cesses seeeseesseeesee® 


) 
Gain-Bandwidth Product (Vcm = —5 V, Ic = —0.5 A) 
Junction-to-Case 


Oo eeeececscescescececseesese 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 40022 
COMMON -EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE (Typ)= 25°C 


-15 -20 


-25 


-30 


COLLECTOR -TO-EMITTER VOLTS (Vce) 


TYPICAL TRANSFER CHARACTERISTIC 


TYPE 40022 


COMMON—EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE 


(Typ)= 25° C 


COLLECTOR AMPERES (Ic) 


-40 -60 


’ 


-80 


-100 -I20 
BASE MILLIAMPERES (Ig) 


92CS-|2I8ITI 


BASE MILLIAMPERES (Ip) 


-40 


92CM-I2I77TI 


Pr 12.5 WwW 
Pr Derate linearly 0.66 W/°C 
Tz (opr) —65 to 100 °C 
Tste¢ —65 to 100 °C 
Te 255 &C 
V (eR) CBO —32 min V 
V(BR)CER —32 min V 
V(BR)EBO —5 min V 
VBE —0.18 V 
Ico | —1 max mA 
Icgo (sat) —0.1 max mA 
hre 38 min 

fr 300 ke/s 
@s-c 1.5 °C/W 


TYPICAL INPUT CHARACTERISTIC 


TYPE 40022 


COMMON—EMITTER CIRCUIT, BASE INPUT 
MOUNTING -FLANGE TEMPERATURE 


(Typ) =25° C 


COLLECTOR -TO-EMITTER VOLTS (Vo¢)=—2 


-0.2 -04 
BASE-TO-EMITTER VOLTS (Vpe) 
92CS-—I2I79TI 


=O 66 s00 ao 
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TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 


Unless otherwise specified, values are for 2 transistors. 


Pore MUR =rsLIDDILY © VOILA LC .......ceizsscosccsvessciconceccacesccccseccoans Vcc —14 V 
Zero-Signal Base-BiaS Voltage o.........ccccssscssssscccssscssssceeceees —0.18 V 
Zero-Signal DC Collector Current wonceccccccccccccscscssecerscees Ic —0.05 A 
Maximum-Signal DC Collector Current .o..cccicecseeees Ic —0.716 A 
URNA PEROMSLOOE CLIFTON G — «5... ..s0rseanenarcscecscaseavovecesoneccccccoscscsescesses ic(peak) —2.25 A 
Input Impedance of Stage REOE SDGSE)  aecsenccee -castensias uence? Rs - 43 Q 
Load Impedance (Speaker voice-coil) .....ccscessssccseeees Ru 4 Q 
Maximum Collector Dissipation (Per transistor 

UNder WOrSt-CaS€ CONILIONS)  .......ccccccccccccecesssecccccecsssserscecs 5 W 
MURS RN WET MIEICISUG scx csuccplecccvecsocterscoencceclosovelocsecossccconeesvoccoonés 18 WwW 
a 8 Fac deanscdeticta<sov~cccussuadxanscsvacvacensdsancwacdedessoancs GPE 24 dB 
MGGaP FIAPMONIC. Distortion .....ccicc.céece.ccccosesdecesssssoceecoscovteconces 5 % 
Maximum-Signal Power Output occcccccccccscssscssscssscsssscesees Por 10 WwW 


* This characteristic does not apply to type 40254. 


POWER TRANSISTOR 40050 


Ge p-n-p alloy type for high-fidelity amplifiers and other commercial af 
amplifier applications. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


COMECTOr-TO-Base Voltage ..............csccccsssscocesscccesssecscoccoceeneecne Vczso —40 Vv 
Collector-to-Emitter Voltage wiccecccccccccscsccscsssscsssscesssscesscceece Vcro . —40 V 
PETE ESO ERISe | VOILA RC. oo. csccccucocecscacsssccececvaseeccocesceckccenescsncene VEBO —5 V 
EIEN 6 po secs cu cs cansSaxsnepedcssody acavinvicitwnseceucs’ cc socvedeessos Ic —5 A 
TE 3 go hwo nvsacsanmegeausescoctveccchedoachss In —l A 
Transistor Dissipation 

ENS goats ceneasmHiaiassb veo sosbuceascostteasdevniestheseide cdenenee Pr 12.5 W 

NI Ce ages. etSs bg adayenn sachs evsaontene ivtgineakSeotesetekonss Pr Derate linearly 0.66 W/°C 
Temperature Range: 

RO iret MIR NERERE LOT? ) 2555s cc cscs ny 5n5e000sd0ev coe dbeececsvsensdsedensosouetes Tz (opr) —65 to 100 eC 

IN a oe coe ores oeuvre Rignwnineaponsncattbewonsoa th. secclouanavescell nosast TstG —65 to 100 ne 
Pin-Soldering Temperature (10 S Max) oe.cececceccsssscceeees Te 255 £¢C 
CHARACTERISTICS (At mounting-flange temperature — 25°C) 
Collector- to-Base Breakdown Voltage (Ic = —5 mA, 

Iz 7 ei Se a hep eeseecy peepee ee eee, Oa VBR) CBO —40 min Vv 
Collector-to- Emitter Breakdown Voltage (Ic = —0.6 A, 

MME oe nce oy econ esac veces cconsvzascesenesosooactacsceecnsnesoubes V(BR)CER —40 min V 
Emitter-to-Base Breakdown Voltage (Ins = —2 mA, 

Me MM Mae egos 55 de sy kb Soars cee Cows Pa Gs tio cata iodbs poh ck Jos iwi atnn ocoucscswsiaa VBR) EBO —5 min V 
Base-to- Emitter Voltage (Vcr = —10 V, 

SS ae Wee EE RR ae $52 Sire een ee 6 5 kt ae ee VBE —0.17 V 
Collector-Cutoff Current (Vcn = —30 V, Im = 0) ........ Iczo —0.5 max mA 


TYPE 40050 
COMMON- EMITTER CIRCUIT, BASE Leh 


COLLECTOR AMPERES (Ic) 


F MILLIAMPERES(IB)E4- 9 Fone 
oN — EO 


eee ES 
0) -§ -10 -I5 -20 -25 -30 -35 -40 -45 -50 
COLLECTOR-TO-EMITTER VOLTS (Veg) 


92CM-12466T 
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CHARACTERISTICS (cont'd) 


Collector-Cutoff Saturation Current (Vcsp = —0.5 V, 

Bye BO Vs eee rere cecass occ etecsecteeenasdertonsucstavtectaccsasbecsesvansarsebersss Icgo (sat) —0.1 max mA 
Static Forward-Current Transfer Ratio 

CVV a I TA) iecctescccecccsastccossersscocnecescdesccesenches hre 50 min 
Gain-Bandwidth Product (Vcr = —5 V, 

0 AN) a areas ere cca ceencsctacescovsusococrecese tee sectustsecmrcenecs tcete fr 500 ke/s 
Thermal Resistance, Junction-to-Case  ..................eeeeeseeeee Q@s-c 1.5 max °C/W 


TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 


Unless otherwise specified, values are for 2 transistors. 


DC Collector-Supply Voltage... eee Vcc —18 V 
Zero-Signal Base-Bias Voltage ................... Hee —0.17 V 
Zero-Signal DC Collector Current Ic —0.05 A 
Maximum-Signal DC Collector Current .............. cess Ic —0.8 A 
Peak® Collector™ Current :.cckccctesccsecsccnccsconctensetie terion ete ecetees ic (peak) —2.8 A 
Input Impedance of Stage (Per base) 0... Rs 32 Q 
Load Impedance (Speaker voice-coOil) ............ ee ceeeeeeeeeee Ru 4 Q 
Maximum Collector Dissipation (Per transistor 

UNder. WOrst-CASE CONCITIONS) — ...........ccesesssessesccescescseeseeeves 7.5 W 
PG Wet Grail ee ree ee ee en ees GPE 28 dB 
Totals Harmonics Distortionwe...caceascen ae oan 5 % 
ILUSICSPOWEL MOULD Ub as sccceccossetetcostcree te Orccnunecseee tere eeee arora nee 25 W 
Maximum -Signal Power Output on. ceesecsseseereceeeeseees Por 15 WwW 

TYPICAL TRANSFER CHARACTERISTIC TYPICAL INPUT CHARACTERISTIC 


TYPE 40050 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE (Typ) = 25° C 
COLLECTOR-TO-EMITTER VOLTS (Vcg) = -2 


TYPE 40050 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE (Thyp)=25° C 
COLLECTOR-TO—EMITTER VOLTS (Vc) = —2 


g 2 

2 Less} 

: : 

s uJ 

z S 

4 < 

2 z 

x = 

fs r 

B' o 

So -0.05 -O1 -015 -02 0 ~0.2 -04 —06 —08 

BASE-TO-EMITTER VOLTS (Vpe) BASE-TOT EMER are! 
92CS~i2468T 92CS-12470T 
40051 POWER TRANSISTOR 


Ge p-n-p alloy type for high-fidelity amplifiers and other commercial af 
amplifier applications. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. This type is identical 
with type 40050 except for the following items: 


MAXIMUM RATINGS 


‘Collector-to-Base Voltage Rane ee saree ROL SOR RE eabcese sa tnaast Savane chase Vcgo —50 V 
Collector-to-Emitter Voltage  .i.c.......ccccccsssececcssscceccesssssseeesses VcEo —50 V 
CHARACTERISTICS (At mounting-flange temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = —5 mA, 

bo hre== ad UD) Ere eee cr rere ere ieca raanterermoncrrana nore od VBR) CBO —50 min 
Collector-to-Emitter Breakdown Voltage 

(C10 GRATER pip. O84 OQ) eetkssrccosccroceccccscstxcctesonevecctenec V(BR)CER —50 min V 
TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 

Unless otherwise specified, values are for 2 transistors. 

DC Collector-Supply Voltage o.....cccceccccccccsssessssseeesececeeseees Vcc —22 V 
Zero-Signal Base-BiaS Voltage oo... cccecsssssseessecceeesesenseeees —0.17 V 
Zero-Signal DC Collector Current 2.............ccceseesesecceseeeesseenes Ic —0.05 A 
Maximum-Signal DC Collector Current ............ eens Ice * —1.1 A 
Peak. Collector i Current ic. citictsccecscoevee os tte stucsevacs cestnauecssone ic(peak) —3.5 A 
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TYPICAL OPERATION (cont'd) 


Input Impedance of Stage (Per base) o..cccccccscscesseseeeees Rs 31 
Load Impedance (Speaker voice-coil) ....cccccccccsccessseesess Ru 4 
Maximum Collector Dissipation (Per transistor 

under worst-case conditions)  ..........cceue. Mdocueuuateetets 12.5 


PETERS LS 6 (CNET SE NA eS “at GprE 28 


a<e8< 0p 


Total Harmonic Distortion ...... 5 
Music Power Output ....... 45 


Maximum-Signal Power Output ........ tay 25 


TRANSISTOR 40080 


Si n-p-n triple-diffused planar type designed for oscillator applications, in 
conjunction with transistor types 40081 (driver) and 40082 (power ampli- 
fier) in a 5-watt input, 27-megacycle citizens-band transmitter. JEDEC 
TO-39, Outline No.12. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage oo....ccccccccccccccssssccsssecccesssseeseens VcEo 30 Vv 
PCA COMCCIOL SCULTEME ci eiceoicAisccncceccenecesee dupe heneeee naan ic 0.25 A 
Transistor Dissipation: 

BRN Se ona ioc dvds Tsien sc canadso ic dosgcees aden scaiscusccossceeseluccoveces Pr 0.5 Ww 

SRP ge ts coe oS sksLa0 vy bac eedalnces cnanperthesccanoecveecageecieecsich Pr See curve page 112 
Temperature Range: 

ee eeNNN EEE ek CIIRCUIOUD ec. cs casceaisasceneecscsccslstscccteccceecnesbiodecokek Tz (opr) —65 to 175 LC 

SEES Sanh te es Red aN lp at am Sa Roe eet OR TstcG —65 to 175 ad @ 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (Ic = 10 mA, 

TOS SSS AS) th PRU Ait re V(BR)CEO 30 min V 
Collector-Cutoff Current (Vcp = 15 V, Im = 0) oo... IcsBo 10 max LA 
RF Power Output (Vcc = 12 V, Ic = 32 mA max, : 

Re MEE GID, 5 cvou st belie ce podeohondennncsncenchcvbcckecnaat teens vie sdes Poe 100 min mW 
TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage 0 s.é.ccccistis..ciccscsecccctsceescesoseossoness Vcc 13.8 Vv 
DC Collector Current: 

IN Gy IROOM ALTON erect sneer ooeoo ess Sav ecaddosiuecdeckecacedaSiscsejecsvcesoesegecetine Ic 15 mA 

Une IVES CEIPNNL LON C825 coon oc cc seacicccesestodecevaticeaiesedecacclatotecccccrbuee Ic 15 mA 


TRANSISTOR 40081 


Si n-p-n triple-diffused planar type designed for driver applications, in 
conjunction with transistor types 40080 (oscillator) and 40082 (power am- 
plifier), in a 5-watt input, 27-megacycle citizens-band transmitter, JEDEC 
TO-39, Outline No.12. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage (Vaz = Vcrv 60 V 
Emitter-to-Base Voltage oo.cccicccccccccccccssssssssssssscsssseees ap VEBO 2 Vv 
CHEE OMOCLOE PCUTTENE, oo. caccccosncodeonsee cosncsnsusucegesietenesceconebons ic 0.25 A 
Transistor Dissipation: 

ED UIUC TCD) SCC ia URGE IS ae ee an Br lp ee BRP Aaa I Pr 2 WwW 

MARR GR St SLL a eats thn sans «Sakekctlinade nestinh ta csdachade peer Pr See curve page 112 
Temperature Range: 

PC RAIN wD EITIC GION? ) 6, 522550 ccenesys<sasacascesags shes ceoteshiondecaosekeostaece Ts (opr) —65 to 175 A & 

es Deh REMMI Pink ies kote esis etter scccesce ob cioeet occa ease cate TstcG —65 to 175 Ae 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

ieee ted VO LC. =" LOO GMA) > ceiearinseecssncerndsbansesscoresendvsire Vr)crev 60 min V 
Emitter-to-Base Breakdown Voltage (Im = 500 wA, 

Rem MM Fs Fas 85-0 95 8e sce ssoe tok aeed cc cubsntomecutcitbsdoulenscheYecvaiewopiats V(BR)EBO 2 min Vv 
Collector-Cutoff Current (Vcsp = 15 V, Im = 0) uu. IcsBo 10 max pA 
RF Power Output (Vcc = 12 V, Ic = 85 mA max, 


Pte = 45 mw, ff — 27 VEG ES) ite aes Ce er ee os oc Poe 400 min mw 
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TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DCs Collector=Supply sav olta gem ricccesrece cieresesseons eres cece see tee Vcc 13.8 Vv 
DC Collector Current: 
INO MOGUTAatil ON eicseks ORS ee Ee Ic 55 mA 
LOO eNO UAC ONG oes see Sea io neces Caner e eee See T Ic 50 mA 


40082 POWER TRANSISTOR 


Si n-p-n triple-diffused planar type designed for power-amplifier applica- 
tions, in conjunction with transistor types 40080 (oscillator) and 40081 
(driver), in a 5-watt, 27-megacycle citizens-band transmitter. JEDEC 
TO-39, Outline No.12. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage (Vsr = —0.5 V) ........... Vcrv 60 Vv 
Emitter=to=Basewevoltag cies cccrrectes sc teccnscee essen nceecer arena VEBO 2.5 V 
Peaks CollectOrmCurrenty sree csc creesret rece reeee tance ce veseeeeenees ic 1.5 A 
Transistor Dissipation: 

TCS UD Btw 25S C ike cecaste red tee nee ee tesee a Seccel ces iseinaswetteaeeees Pr 5 WwW 

CAD OVC 20 nC ast cnderrescoeacn oerstowe oseerere re seteocee ene pat noe nto Pr See curve page 112 
Temperature Range: 

Operating (JUN CtION ) eer ertrere ro aeccs creas cneenerenteecttes testes Ts (opr) —65 to 175 XE 

SCOLA DOI Ree ie cesar ea ee ree Ennai ences TstTG —65 to 175 SG 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Views 5 3-055: 2V bee 500 MA iis ccscceuvecenatoiiae ce ccnavetemeeustrens V(BR)CEV 60 min V 
Emitter-to-Base Breakdown Voltage (Iz = 500 wA, 

Sere emat UD Tose nee ne ee Rema Fy cree POP Fe A To AR lend AA ie ta V(BR)EBO 2.5 min Vv 
Collector-Cutoff Current (Vczn = 15 V, Im = 0) uu. IcBo 10 max uA 
RF Power Output (Vcc = 12 V, Ic = 415 mA max, ; 

Pine == 7350 im Wf A TEAM CS) Biticctcccmecctccresoe eee Por 3 min WwW 
TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DG; Collector=Supply BMV oltagesu.. ee ee ee Vcc 13.8 Vv: 
DC Collector Current: 

INO MO MUTATION cee ccccrteeesncae tere aes emer Re A eects co eee Ic 330 mA 

LOO Toa IMOCULACLON ere creer eee aaron hoe eee leone Ic 330 mA 
Power Output: 

No modulation (adjusted for legal maximum- 

DOWEL SOUTP UL) eee arse ee ee Por 3.5 WwW 

LOOZiemodulation sce see ee ee Por 4.8 WwW 

40084 TRANSISTOR 


Si n-p-n triple-diffused planar type used in a wide variety of small and 
medium-power applications (up to 20 Mc/s) in industrial equipment. JEDEC 
TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


CollectOr=(O=BaSem ViOllAG Cr tess. cearcee ertee nc eieres ctr en mt eente Vcxso 60 Vv 
Collector-to-Emitter Voltage: 

UB ta) Og Oe eee. eee ee er el ee ee Vcrr 50 Vv 

Base open (sustaining voltage) ............cccccccccccesssscccesseceeee Vcro (sus) 40 V 
Emitter-to=Baset Voltage sect. cele lccrsccarlticsotecescsstesunce bebe ites VEBO 5 Vv 
Colleetord Currents tei cacs estou hk een nh Ic 0.7 A 
Transistor Dissipation: 

TG SUP BtOlg 25, Glee eens on ean ne eee eed Pr 1.8 W 

EA MUD bstOin 252 Cee eee eee estos et Oe ee Pr 0.5 W 

TAw, OF IO BADOVEK 255 Cert be od acc s soso sueneatincas iohacniot hee Pr See curve page 112 
Temperature Range: 

Operating @(Sunction ie Bie ee ee Ts (opr) —65 to 200 4 

Storage tS os Beh ob eee de ee ete i Mera ee) TstG —65 to 200 We 
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CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 

Iz STMT Seu R Cafe 5 vce oe Rae A ok cues e sees vonopieevelsscevosestecenpascenct eseasnce V (BR)CBO 60 min V 
Emitter-to-Base Breakdown Voltage (Im = 0.1 mA, 

fcy sevensesessnecevessosssesnarceseusessnssessonecssesenssseasenssssnscenasseessensesass V (BR) EBO 5 min V 
Collector-to-Emitter Sustaining Voltage: 

io seen, Ker 10 .Q, tp — 300. us,.df — 1.8% .... VceEr (sus) 50 min V 

teu 100; mA, In-—0, tp = 300 ws; df = SCO me ce - Vcxo (sus) 40 min V 
Base-to-Emitter Saturation Voltage (Ic = 150 mA, 

I re es en cesar vsdo ss spahsisnionns ddongenaptn aadoniaseovestuten Vpx (sat) 1.7 max Vv 
Collector-to-Emitter Saturation Voltage (Ic = 150 mA, 

Lipsy) Se TESS ae UA i Are Sarr ye OL Vor (sat) 1.4 max V 
Collector-Cutoff Current (Vcs = 30 V, Im = 0) ....... Icso 0.25 max LA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) uu... Tero 0.25 max LA 
input capacttance “(Vini— 0:5 V, Io: = 0) sedi ccccccbcaceeene Cibo 80 max pF 
Output: Capacitance (Vcg = 10 V, Im = 0) ....... Gone 15 max pF 
Pulsed Static Forward-Current Transfer Ratio 

(Vcr = 10 V, Ic = 150 mA, tp = 300 us, 

RTS eae <a ce ete a VO ae OS hre 50 to 250 
Small-Signal Forward-Current Transfer Ratio 

QViene— FLO DV, ice SO,mMA, £ = 208 MC/S) | cecccscnsscedcesevee hte 5 min 
Noise Figure (Re = 500 Q, circuit bandwidth = 15 kc/s, 

AVC mam lG ——) OS Mm Alf SL ER C/S) oo bicccccctsvsecesescses NF 8 max dB 
Thermal Resistance: 

AUTEN ULOM LO CASO Sik, ceive ocsetece cess toseecsccncticodevevsdects ekseeeusiicdeaié @3-c 97 max °C/W 

CICERO RE SEG = PIN DICTIE 95... 50.5,..-iataeqchucbaden slddvbeacedie Wesedencsclaetaege Q@s-A 350 max °C/W 


@ 


COLLECTOR MILLIAMPERES (Ic) 
o 


TYPE 40084 
COMMON—EMITTER CIRCUIT, BASE INPUT 
FREE-AIR TEMPERATURE (Tea)—25° C 


0 ite) 20 30 8640 50 60 70 


COLLECTOR-TO-EMITTER VOLTS (VP) 
92CS-IN78T 


COLLECTOR MILLIAMPERES (Ic) 


TYPICAL COLLECTOR CHARACTERISTICS: 
TYPE 40084 
COMMON-—EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tra) = 100° C 
=> so 


° ee it ee en ee 
COLLECTOR-TO-EMITTER VOLTS (V¢g) 
92CS-I180T 


COMPUTER TRANSISTOR 


40217 


Si n-p-n epitaxial planar type used in switching applications in data- 
processing equipment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 


2N706 except for the following items: 


CHARACTERISTICS 


a ira aaa Breakdown Voltage (Ic = 0.1 mA, 

ine 

Collector-to-Emitter Breakdown Voltage (Reser = 10 Q, 
Tes 250. mA ) 


PROPOR Ree eee eee eee ones reer Eee ere eee EOE EHH EHEe EEE ESE EES SEHOEESOSSES OEE EESESEDESEOESS 
eee eee eer eee eee errr rere rr eerie rr rer errr er reer erry 


lems 


eee eee ee eee rere eer ee eee ere reer errr eee ere rere rer reer errr ere eee eee eee eee 


COMPUTER TRANSISTOR 


40218 


VBR)CBO 25 min V 
V(BR)CER 20 min V 
VBR) EBO 3 min V 


Si n-p-n epitaxial planar type used in switching applications in data- 
processing equipment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 


_2N706A except for the following items: 
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CHARACTERISTICS 
pe mah -to-Base Breakdown Voltage (Ic = 0.01 mA, 


0) pete rere Wi eRe en SS ie Ree Saree, ESTE aa V.eR)cBo 25 min Vv 
Collector-to-Emitter Breakdown Voltage (Raz = 10 Q, 
Tops) SO nn A) ss Bee, Soe eG oe ca ee tree ee alee V(BR)CER 20 min Vv 
Emitter- to-Base Breakdown Voltage (Iz = 0.01 mA, 
SO) PID occa cvcswos saet tet ch aa daca Sa eev bs aucdeiisoacer trace erect tts cate aeteneE VBR) EBO 5 min Vv 
40219 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used in switching applications in data- 
processing equipment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 
2N708. 


40220 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used in switching applications in data- 
processing equipment requiring high reliability. JEDEC TO-52, Outline 
No.18. Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is 
electrically identical with type 2N834. 


40221 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used in switching applications in data- 
processing equipment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 
2N914. 


40222 COMPUTER TRANSISTOR 


Si n-p-n epitaxial planar type used in switching applications in data- 
processing equipment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical to type 
' 2N2205. 


40231 © TRANSISTOR 


Si n-p-n planar type used in low-to-intermediate-signal-level af amplifier 
circuits, such as preamplifiers, “voltage amplifiers’, and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to=Base™ VOlMa se cecscicc.cscsccsaclecleossoneocuctcesseenncsbdbverves Vcso 18 Vv 
Collector-to-Emitter Voltage  ..............ccscccccsseccsescsssrerccscscrscsses VcEoO 18 Mi 
Emitter-to=Basew#: V Olt ace mists secccsaceescececnsevedcne-cdlneseteoteosacten VEBO 5 Vv 
Collectors Curren tier eect iis erase reer ee ere Ic 100 mA 
Emitter: Curneritiec te Goce ictestocd cet enser dee eee Iz —100 mA 
BASSO CULren Cree ee Bete reree sats eet asccene sa staceine aacae ses Bae Is 25 mA 
Transistor Dissipation: 
TEAREUPs LOMO ei cace ste ceccet i okattoee teas oh oe hasesto eA Pr 0.5 WwW 
ERM ADOV SHC «Cates cteaseh ve es aaaea tesa wie ase ool ngd cae btneuabieteee Pr See curve page 112 
OMA Up stOe sy Loos Gree nace ues ee tr aleuscheccseets rac sere teat Pr ul WwW 
CT ADOVGRLeO. Gy ecccrt ter erate ee eectaeen oor nce eee eet, Pr See curve page 112 
Temperature Range: ; 
Operating sy (Junction) see iar tact e se ee Ts (opr) —65 to 175 Jf & 
SS UOL AB Gh, wncdyceserakei tar tetra neck cut taacoasvccspus eae cece eee race TstTe¢ —65 to 175 sc 


Lead-Soldering Temperature (10 S Max)  ocecccccccccceees Ti 255 it oe 


Technical Data for RCA Transistors 2715 


CHARACTERISTICS. 
Collector-to-Base Breakdown Voltage (Ic = 50 wA, 
SN) MIs oo candi cascacsaisooccesescsessasheescbscadesescucccacassss¥edessncs V(BR)CBO 18 min V 
Collector-to-Emitter Breakdown Voltage (Ic = 10 mA, 
BPM MMOD DMs eG A Seg oo code 25a Saco sce onto tac tedacdvocacnccceceestsdasontecteibatees Ver) CEO 18 min V 
ieviitersio. Base Breakdown Voltage (Im = 50 A, 
eNO ooo. Fs cocoa tue Se oecsccaceccsencoscehovasecssasndosernostotbeseeeeos V (BR) EBO 5 min V 
Collector-Cutoff Current: 
ae EMU AMV ETRE S Os LAT id © .lecceaseressoeccacdecscesaconeaoeenses Icso 0.5 max pA 
Sem U RUE LET se ThA PR: Cote. carecesseuconesciccscccccccsesee eee Icgo 10 max pA 
Miniter Cutoff Current €VEe 22:55, lox— 0) Izzo 0.5 max LA 
Small-Signal Forward-Current Transfer Ratio 
oem, Von — 10.°Vy° f= 12 Ke/S) > s.dccdsssssecisssacee hte 55 to 180 
Gain-Bandwidth Product (Vcr = =6V,Ic=1mMmA). fr 60 Mc/s 
Intrinsic Base-Spreading Resistance (Vcp = 6 V, 
Tce dan... 100 Mc/s) Bee tly ve ela ten aaa esis ob Ybb’ 20 Q 
Output Capacitance (VicE ="6: 'V,, In-=0; 
Hea AMMPIVILO/ i) Gee e esac ose; ccncxcodascboctevessccscescvocsecsscsedsdess sasesascced dcSceceed Cobo 22 pF 
Noise Figure (Re = 1000 9, Vcz = 6 V, Ic = 0.1 mA, 
circuit bandwidth = 1 c/s;-f4=+10).ke/s) %:28% NF 2.8 dB 
Thermal Resistance, Junction-to- Case 
Geese debs Gs) aoc ence aces Reet cess ceetre ears close obese svediognessiesnvcesevoceue Os-c 50 max °C/W 
Ter aal Resistance, Junction-to-Ambient 
(EI ie 0 RS ey i Cap ee OD I en Qs-A 300 max °C/W 


TRANSISTOR 40232 


Si n-p-n planar type used in low-to-intermediate-signal-level af amplifier 
circuits, such as preamplifiers, “voltage amplifiers”, and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
40231 except for the following item: 


CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 
igi PAA View 8102 Vid 1 KCI S) »riceceediececsisleossee hte 90 to 300 


TRANSISTOR 40233 


Si n-p-n planar type used in low-to-intermediate-signal-level af amplifier 
circuits, such as preamplifiers, ‘“‘voltage amplifiers’, and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
40231 except for the following items: 


CHARACTERISTICS 
Collector-Cutoff Current (Vcs = 12 V, Iz = 0, 

Ta PAE a epee SBS eee SERRE ODE CEPR ee eRe eRe eer es IcsBo 0.25 max pA 
emitter: Cutom Current =(Vnp 22:5 Ve Io =).0) Sees Inso 0.25 max uA 
Small-Signal Forward-Current Transfer Ratio 

ote VC 100 V5 fm LH KC/S) on.cncseretccevepecsoene ‘Rte 90 to 300 


Noise Figure: 
Re = 1000 Q, Vcr = 6 V, Ic = 0.1 mA, 


circuit bandwidth = 1 c/s, f = 10 KC/s ............. NE 2 dB 
Re = 1000 QO, Vczr = 6 V, Ic = 0.5 mA, 
circuit bandwidth = 1 c/s, f = 1 Kc/s ............. NF 6 max dB 


TRANSISTOR 40234 


Si n-p-n planar type used in low-to-intermediate-signal-level af amplifier 
circuits, such as preamplifiers, “voltage amplifiers”, and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
40231 except for the following item: 


CHARACTERISTICS 


Small-Signal Forward-Current Transfer Ratio 
gee ei V Cw <= 10° V5. f°" T) KC/S):  icdecccsisicserocasp ose hre 35 to 470 


276 


40235 


RCA Transistor Manual 


TRANSISTOR © 


Si n-p-n type used as rf amplifier in television tuners covering channels 
2 through 138. Outline No.27. Terminals: 1 - emitter, 2 - base, 3 - collector, 


4 - connected to case. 


MAXIMUM RATINGS 
Collecting Voltage: 


MV BBW ee Ve ists caus cnccnctecneneesdeasteccess svectecssuasee tot Dereeteteh co eeceee davees Vecsy 35 V 

Emitter opem_................. VcsBo 35 V 
Emitter-to-Base Voltage ... VEBO 3 V 
Golleétors Current yiceiitisatss seascessasctecechenoentccoctostonntessteassuensoemibestees Ic 50 mA 
Transistor Dissipation: 

TAP UD CON 25 CP ens ae trvetteccseettteteee tice seen esteet amen Canetti Pr 180 mW 

SD RERADOV.E 20. Cul tier oss. soagedincstometussccenuesvanccck caadsctawatesncccenastndaes Pr See curve page 112 
Temperature Range: 

Operating (Ta) and Storage (TSsiG) oun... cccsscsssssseseeeees —65 to 175 °C 
Lead Soldering Temperature (10 S MaX) ......... eee TL 255 Cc 
CHARACTERISTICS 
Collector-Cutoff Current: 

OB ps Lg V paid Whig Osa, Sess see ck reste ico ce onsen ORs ne IcBo 0.02 max pA 

SViGB pe OO ED Oe cate acteaccteastecterert te estccere tices ene aero Icso 1 max LA 
Emitter-Cutoff Current (Ves = 3 V, Ic = 0) uu... IEBo 1 max LA 
Static Forward-Current Transfer Ratio 

CNGw paes OSV: Tyce, 1 aA) etch dates ee cps cea hicornresedaceck hre 40 to 170 
Gain-Bandwidth Product (Vczm = 6 V, In = —1 mA, 

£ STOOP MG/S 283. aR cok. cia sass estat ARTE acdsee fr 1200 Mc/s 
Collector-to-Base Feedback Capacitance 

Vor ==510.,.¥, In. =,;—2 mA, f —.216 Mess)" occ. Ceb 0.5 pF 
Input Resistance (Vcr = 10 V, In = —2 mA, 

f = s6216 | Me/S) 2X2... 22 nin «te a eee Rie 190 Q 
Output Resistance (Vcr = 10 V, In = —2 mA, 

SAIS AMOS) Pt aa ee, Se eee Roe 8.9 kQ 
Extrinsic Transconductance (Vcr = 10 V, In = —2 mA, 

Pipe ALO) WEGC/S) > 25 vccsocctasve scanstedsinssavincsasucentite tte: ee gm 43.7 mmhos 
Noise Figure (Vcz = 10 V, In = —2 mA, 

WG te Mice OO OF P= DIG <MGC/s ke ne create NF BES) dB 
Maximum Available Amplifier Gain 

(Vcm = 10 V, In = —2 mA, f = 216 Me/s) ..0.0..00.080:. MAG 29.1 dB 
Maximum Usable Amplifier Gain, Neutralized 

(Vcz = 10 V, In = —2 mA, Re & Rn = 50 Q, 

fu 2 216 6 Me/s i facie AO ee MUG 18.1 dB 
TYPICAL EXTRINSIC TRANSCONDUCTANCE TYPICAL MA Prary trey 
| c/s 


AT 216 Mc/s 


lOO;TYPE 40235 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (Tra)=25°C 
FREQUENCY (f)=216 Mc/s 

75 EMITTER MILLIAMPERES (I¢)=-2 


EXTRINSIC TRANSCONDUCTANCE (9,,)-MILLIMHOS 
a 
°o 


5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS (VF) 


92CS-13164T 


40236 


OOF TYPE 40235 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE - AIR TEMPERATURE (T ¢a)= 25° 
FREQUENCY (f )= 216 Mc/s 

75 |} COLLECTOR -TO-EMITTER VOLTS (Vc¢)=10 


-| -2 -3 -4 -§ -6 =7 
EMITTER MILLIAMPERES (I¢) 
92CS-I3I65T 


EXTRINSIC TRANSCONDUCTANCE (g,,)-MILLIMHOS 


TRANSISTOR 


Si n-p-n type used as rf mixer in television tuners covering channels 2 
through 13. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col- 
lector, 4 - connected to case. The maximum ratings for this type are iden- 


tical with type 40235. 


Technical Data for RCA Transistors 277 
CHARACTERISTICS 
Collector-Cutoff Current: 

MM ABD SD esa yis cca teed casousvavcnstesnsGianedncnbacbcdetetssscensenvese Iczo 0.02 max wA 

eee B50. oon cccnccsscacscdecccescscsieiocachecandiecthteccaoodus Iczo 1 max A 
Emitter-Cutoff Current ‘Vabres 1: Vite: =2t0)> anata Icgo 1 max A 
Static Forward-Current Transfer Ratio 

eaeemneeetny Wey RD <— 1 INVA) © occ. cs dccvcesescaccivcersvesssecbscestevecssanes hrr 40 to 275 
Gain-Bandwidth Product (Vcr = 6 V, In = —1 mA, 

ee EMERY 1 Eo... sores vin det deters bucssecsonveseorscccececasosestacevocsensssecenas fr 1200 Mc/s 
Collector-to-Base Feedback Capacitance 

(Vee-= a2. V, In = 1.5 mA, f = 216° Me/s) neice... Ceb 0.5 pF 
eae Resistance (Vcp,= 12 Vv, In = —1.5 mA, 

SE Ey Wey UNS OE I SIR OR a Rie 230 Q 

Output Resistance (Vcze = 12 V, In = —1.5 mA, 

PM MMU RIS IS cee ee vicustos scsi teu astoucaccsoescsoecoakcoceaeoesseWoes cece cncesetteste Roe 65 kQ 
Maximum Available Conversion Gai 

(Vcr = 12 V, In = —1.5 mA, f = 216 to 45 Mc/s) ..... MAGc 19 dB 


TRANSISTOR 40237 


Si n-p-n type used as rf local oscillator in television tuners covering chan- 
nels 2 through 13. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 
3 - collector, 4 - connected to case. The maximum ratings for this type are 
identical with type 40235. 


CHARACTERISTICS 
Collector-Cutoff Current: 
Ss pee N Re pe ND gactnesdacstestwstcvyvesnasehe svabatcoe on teabacdendsbocenien IcBo 0.02 max LA 

SMC go RED Caer Oo, sc crccnesnotnsnaxseraqerecenoeanstsnos’ecoeesnceearsceveoe IcBo 1 max LA 
Emitter-Cutoft Current (Ves = a Goh EG Co pe el 9) eg ee Izzo 1 max uA 
Gutput Capacitance (Vcsp = 12 V, Ic = 2.5 mA, 

Ree IT PMNLG/S)) so vicvaaassssdenhcactassceesivcacvsessesassostecs senoseccberdseoncsseeses Cobo 0.6 max pF 
Static Forward-Current Transfer Ratio 

SOW am eee RSTN BATE ae —L, TYVIA.) 2, , cn areocesocucnnascnscnccsvetosshevanséloos hre 27 to 275 
Gain-Bandwidth Product (Vcr = 6 V, Im = —1 mA, 

eR EES Wil vcore csncxunsnsivivvicesbrounnssvspess easeniea ndibuassuecedsvessesecee fr 1200 Mc/s 


; | TRANSISTOR 40238 


Si n-p-n type used as 45-Mc/s if amplifier in television receivers. Outline 
No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected 
to case. 

MAXIMUM RATINGS 

Collector-to-Base Voltage: 


RO ae iN, oe oo... overs cavcsnce coucecescocseceseransccsacosescoccgscessectenet® Vocsy 35 V 

UE Ree ODY ee tesa rs ue cs occ, se scat ouies sade ees teousosssucecbacsboceeseiesssaecseecss Vcso 35 V 
EMILE =$tO=BaSC Voltage: siccsscicccidsscceccsecasscecnccccconsonsssvscsccongeose VEBO 3 V 
“GEOL VSSCuE a Te 2 Gg ofa) 0 Bale e ete MORENO eo) De a 22 Raa a ae a Ic 50 mA 
Transistor Dissipation: 

REMMI Ths RS iS an 20S tac vedacbacesctdevossvabeacdaucekecedaed seedabsvocsece ' Pr 180 mW 

EAM MSE othe Ca co, os Sea dee ons sedis oSoacangeuan cots sok sknedelsdsbepeesonwent Pr See curve page 112 
Temperature Range: 

Operating (Ta) and Storage (TSsTG)  ......ccseeccsessereeeeee —65 to 175 6 
Lead-Soldering Temperature (10 S MAX) ou... eecessseses TL 255 “AG 
CHARACTERISTICS 
Collector-Cutoff Current: 

hy ees PE Og Oe Less 5 orto swe cnans ccatt csanctvtessececkeesevenesbonbasete Icso 0.02 max LA 

Diet —e es ON N= —| 0) <<a. -csccsssacosnsucesvecesvecacatoocssdssacccsscisccesasoesee IcBo 1 max pA 
Emitter-Cutoff GCurrent,-(Vin-— JV. To <0) ssccesoectcscees Iczo 1 max pA 
Static Forward-Current Transfer Ratio 

Gri aT O wl pk il ——— TIAL): ccsssasaccascsoscuscennccocessseevscconcncoses hre 40 to 170 
Gain-Bandwidth Product tere = 6 V, In = —1 mA, 

RROD, SEP t nce od oka tap vtecnse coaster ccacsndeekiteoroornanéeee fr 900 Mc/s 
Collector-to-Base Feedback Capacitance 

Veni 12-V, In :—.—3 mA,.f = 216 Mc/s). vi....c..0..500 Ceb 0.5 pF 
Input. Resistance (Vcr = 12 V, In = —3 mA, 

aN MUMMIES BD sash, oo Jasvonnoeticsiannteqsoeeevestedsbdcbuctiosstadesvessaalesoseees Rie 480 Q 


Output Resistance (Vcn = 12 V, In = —3 mA, 
re 45 Mc/s) ef ese secpsiunceu se nsccnsnspesusveioscedousetneveasconsecuseonsacesctese Roe 35 kQ 
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CHARACTERISTICS (cont'd) 
Extrinsic Transconductance (Vcr = 12 V, In = —3 mA, 
fi A RIV CYS JEP Cekadechecaconstccctantocesosmieecs taeaeet snes tecacesaceutexecor entree £m 90 mmhos 
Maximum Available Amplifier Gain For 1, 2, or 
3 Stages (Vczr = 12 V, In = —3 mA, f = 45 Mc/s) MAG 45.3 dB 
Maximum Usable Amplifier Gain, Unneutralized 
(Vcp = 12 V, Iz = —3 mA, f = 45 Mc/s): 
FU OT geal) ig SUAS C tee sco coccce sc cctacasupocetccousesseapeee rca Pa atte Sa eae eene ee MUG 22.9 dB 
EOL P ZANSCA BLES Siti stottetatssceccessussdtetotsosecasqonaee Cecccdocsewasces ctacasseSendteene MUG 20.7 dB 
BOL ed: BSCAL CSc a eteeceeeec css cc ccoseniconsderierucencecevacerwkce tens wack MMe eaneen MUG 19 dB 
Maximum Usable Amplifier Gain, Neutralized 
(Vicni—s122V elm. —3 mA f—=.45 Mc/s: 
OTs EMSUAS Ome estes ccc testeeh earn ersen aoaearotioteeteotercccuteneersee tans MUG 28 dB 
OL G re GSUAL CS wets concccstcsccsscsocsevorsecunscteeens bos ase ORT eT MUG 25.8 dB 
HOLS MISUAL ES Bree rreccrsce tone can cree ce cone rear enone scence etens eat eeeeuete MUG 24.1 dB 
TYPICAL EXTRINSIC TRANSCONDUCTANCE TYPICAL EXTRINSIC TRANSCONDUCTANCE 
AT 45 Mc/s : AT 45 Mc/s 


IOOF TYPE 40238 
COMMON-EMITTER CIRCUIT, BASE INPUT 
FREE -AIR TEMPERATURE (Tra)=25°C 
FREQUENCY (f)=45 Mc/s 
95; EMITTER MILLIAMPERES (I¢)=- 


150 


100 


EXTRINSIC TRANSCONDUCTANCE (g,,) -MILLIMHOS 
o 


EXTRINSIC TRANSCONDUCTANCE (g,,)-MILLIMHOS 
© 
{e) 


5 10 5 
COLLECTOR-TO-EMITTER VOLTS (Vcr) 
92CS~-I3I68T 


200-TYPE 40238 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE -AIR TEMPERATURE (Tra)= 25°C 
FREQUENCY (f )=45 Mc/s 
COLLECTOR-TO-EMITTER VOLTS (Vcg)=12 


As 
EpZee 
| 


-2 -3 +4 -5 -6 -7 
EMITTER MILLIAMPERES (I_) 
92CS-I3ITIT 


40239 TRANSISTOR ‘ 


Si n-p-n type used as 45-Mc/s if amplifier in television receivers. Outline 
No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected 
to case. This type is identical with type 40238 except for the following item: 


CHARACTERISTICS 


Static Forward-Current Transfer Ratio 
CV crt=f68Vislne— te mA ) een ee ee eee 


hre 27 to 100 


40240 TRANSISTOR 


Si n-p-n type used as 45-Mc/s if amplifier in television receivers. Outline 
No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected 
to case. This type is identical with type 40238 except for the following item: 


CHARACTERISTICS 
Static Forward- Current Transfer Ratio 
CV Carre Gur Vial pst VIAL) tae not ccharnastcuea caktenss 


hre 27 to 275 


40242 TRANSISTOR 


Si n-p-n planar type used in rf-amplifier applications in conjunction with 
types 40243 (mixer), 40244 (rf oscillator), and 40245 and 40246 (if ampli- 
fiers) to make up a “front-end” and if complement for FM and AM/FM 
receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col- 


lector, 4 - connected to case. 


Technical Data for RCA Transistors 279 
MAXIMUM RATINGS 
Collector-to-Base Voltage: 

EE or REE ScD. Sy, ou cin eon indusoreiccdncensecevoanrecésdusavonswinsevs Vcso 35 V 

ANIME MN eo one ooo San A wei s ss0vdahcedors se svdcus dans sdncotbonssontesvecctacssecs Vcsy 35 V 
RNP EAM ER SO? VOILABC 0.55. cencecspnssdeciveseucceecouceseoocsccercnonssecenas EBO 5 V 
NU RNR MREN Eo sgh comin en igus ne'gnce suas eotoen cDbewge tdemsaator¥ecelousdacdonss Ic 50 mA 
Transistor Dissipation: 

RMS races eatic vs nadn ce scdiddg ngs devi ckep sonspifoateniechscene codes acysssoies Pr 180 mW 

ee Renn Mea cuucatecerssausbovactecspenec Pr See curve page 112 
Temperature Range: 

Operating (Ta) and Storage CUS oe cee Sassen ce eel eat caete —65 to 175 ad 
ead-sclde=i2e Temperature (10 s.max) .olslaiws AN 255 i 


TYPICAL TRANSCONDUCTANCE AT 100 Mc/s 


92CS-l2927T 


TYPICAL OUTPUT CHARACTERISTICS 


no wW 
rs} Ww e 
2 '40} Type 40242 49) ee 
= COMMON-EMITTER CIRCUIT, BASE INPUT. Ww © 
C4 FREE-AIR TEMPERATURE (Tra)= 25°C ° 3 
2 '20TeREQUENCY (f)=10 Mc/s 20 Wii '2 
S EMITTER MILLIAMPERES (Ig )= -1.5 ai 
2 100 0 2 28 
ene: ) co 52 Ee ee a a 
Peerrre rr ere cs 
oo (See ee ee ee 
~ te Se ee 
ep Pot ges 
0 SS BS Ses ee eet nam om tn oma a ta 
= 40 -eo & 
$ Le ee ee 
oo 2G es ee es ee A 
ey 2 Se ae3 
2 —. 7 SU SEER eae 210092 
<q 4 6 8 10 

° COLLECTOR = TO- EMITTER VOLTS (Wee) a 


TYPICAL TRANSCONOUCTANCE AT 100 Mc/s 


TYPE 40242 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE -AIR TEMPERATURE (Tra)= 25°C 
FREQUENCY (f )=100 Mc/s 
COLLECTOR-TO-EMITTER VOLTS 


-| one Gree 
EMITTER MILLIAMPERES ics 


PHASE ANGLE OF TRANSCONDUCTANCE (@)-DEGREES 


92CS-I2919T 


TYPICAL INPUT CHARACTERISTICS AT 100 Mc/s 


TYPE 40242 
! 100 pi tate da 10 | a satel CIRCUIT, BASE 3 
= TYPE 40242 FE 2 | FREE-AIR TEMPERATURE (Tra)= 25°C | @ 
2 COMMON-EMITTER CIRCUIT,BASE INPUT.|_ 2 Fe eatetcy in cicOMes a 
80 : = ° 8 co) oO 
« FREE-AIR TEMPERATURE (Tra)= 25°C o 4 JEMITTER MILLIAMPERES (I¢)=-1.5 = 
ws 2 FREQUENCY (f )= 100 Mc/s ; Wop e fo ed + 
2S 6opEMITTER MILLIAMPERES (I¢)=-1.5 6 29 a re & 
36 | eo 28 ws 
FS of < BE S 
ae 428 8 465 
= 2 may = ill Z 
> 20 2 Ie — 1 < 
a mS 2 400 PT} 4s 
= be z gi 5 
ro) 0-3 | 
: _ ke Oe eran isaei oe 
i) i tia aaah Ea gece pear COLLECTOR-TO-EMITTER VOLTS (Vog) 
92CS-12920T 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 5 

ee OR ESI | ileal iia estes on ON Doe ON Ree ee ele VBR) CBO 35 min Vv 

eerie wy ie = 0.001 MA Godse emake V (BR) CBYV 35 min V 
Emitter-to-Base Breakdown Voltage } 

(Iz = —0.001 mA, Ic USE ol TIE peal eae ee PEELE aaa V(BR)EBO 3 min V 
Collector-Cutoft Current “(Vex = 1 V, In = yore anys IcBo 0.02 max HA 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ues Izzo 1 max LA 
Static Forward-Current Transfer Ratio 

ace tari Nm sone ge Dt A) eo 2, oo cs sadececoncidadesaecscsehdcedtcws hre 40 to 170 
Extrinsic Transconductance (Vcr = 7.5 V, 

fee iearnta, f=" 100 Mes). i ee eee £m 45 mmhos 
Maximum Available Amplifier Gain* 

(Veer 7-5 -V, In: —15:mA,f.= 100 -Me/s) ...:.0:.66 MAG 38.3 dB 
Maximum Usable Amplifier Gain*: 

Neutralized—Vcr = 7.5 V, Iz = —1.5 mA, 

ete MIM IVE C / Scag oetcese tne aenca bases Qhodcacchccccdecectesinn en reeks MUG VAs) dB 

Unneutralized—Voc =< Low, Le — 100" Messin: MUG 16.4 dB 
Input Capacitance (Vce = 7.5 V, Ir = —1.5 mA, 

f ESR reo A bgt ET lames ReaD SCS Cie 5.2 pF 
Feedback Capacitance (Vcr:-= 8 V, In = 0, 

{= Sf 1) Fae Ree Cev 0.65 max pF 
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CHARACTERISTICS (cont’d) 


Input Resistance (Vce = 7.5 V, Im = —1.5 mA, 

fF == 21 00 5 MGS) Fe erretttceeeee rece cap tee ee Pee Oe Ee es Rie 450 Q 
Output Resistance (Vcr = 7.5 V, Ir = —1.5 mA, 

£1 OO IM C78) eee Roc 30 kQ 
Output Capacitance (Vcr =.7.5 V. In = —1.5 mA, 

fo LOO IVI CAS) ocr: Serres ake re ern deer net roi ER ee ee eee Coe 1p ss pF 
Noise Figure* (Vcc = 15 V, Re = 50 Q, f = 100 Mc/s) NF 205 dB 


* This characteristic applies only to type 40242. 


40243 : TRANSISTOR 


Si n-p-n planar type used in mixer applications in conjunction with types 
40242 (rf amplifier), 40244 (rf oscillator), and 40245 and 40246 (if ampli- 
fiers) to make up a “front-end” and if complement for FM and AM/FM 
receivers. Outline No.27 (4- lead). Terminals: 1 - emitter, 2 - base, 3 - col- 
lector, 4 - case. This type is identical with type 40242 except for the fol- 
lowing items: 


MAXIMUM RATINGS 


Emitter=to-Base Viol tag Caren ences sere ee eterno Verso 3 Vv 
CHARACTERISTICS 
Emitter-Cutoff Current (Ven = 3 V, Ic = 0) ........ Izzo 1 max LA 
Extrinsic Transconductance (Vcr = 7.5 V, 

Tet P= a mAs f= 91 002 MC/S) Perri ohids tees ec eateseenns Em 32 mmhos 
Maximum Available Conversion Gain 

(Vcze = 7.5 V, Iz = —1 mA, f = 10.7 to 100 Mc/s) MAGe 37.64 dB 
aaa Capacitance (Vce = 7.5 V, In = —1 mA, 

== el OO Ba IVE AS:) eieae. toes ete se au dea sons trac Ges ousalasontoa reson teases twessordese Cie 4.5 pF 

Tepit Resistance (Vce = 7.5 V, In = —1 mA, 

fee ae OO WICH) aioe Ries reteee ees aetna see Rie 650 Q 
Output Resistance (Vce = 7.5 V, Ir = —1 mA, 

f = 100 Mc/s) Rass ssancecsasaeeac sens scarmaaseene dseccdencerstovescncdscsperrestnenee Roe 30 kQ 
Gutput Capacitance (Vcz = 7.5 V, In = —1 mA, 

FP LOOM WICHS )iitcrecscsecccececonccce eer ree ea ee hee Coe 1.35 pF 


40244 TRANSISTOR 


Si n-p-n planar type used in rf-oscillator applications in conjunction with 
types 40242 (rf amplifier), 40243 (mixer), and 40245 and 40246 (if ampli- 
fiers) to make up a “front-end” and if complement for FM and AM/FM | 
receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col- 
lector, 4 = connected to case. 


MAXIMUM RATINGS 
Collector-to-Base Voltage: 


EITC LOTR OD CTE eee erates siacacoss cc cosetet ca tosaacun ees oaengsnoceentedoectaaunante Vczso 35 Vv 

VBE a ae Vi ek aes ates : Vcrv 35 V 
Emitter-to-Base Voltage .... VrBo oi base V 
Collectorg. Curren Cire eee ee ee eee ees eee ke teal waine Deine Ic 50 mA 
Transistor Dissipation: 

PLAS ALD), PUD me SOR Coton ccesclss cane caccrss seceat letuteteciechs tess cuceecaueeeateetes eseeees Pr 180 mW 

LA AD OY Cin C werceteetaee oh tee nae. eee rece: outs free ceuctcacctrceet tee Pr See curve page 112 
Temperature Range: 

Operating (Ta) and Storage (TsTG) .u......ccccccccccccccsssees —65 to 175 Mt @: 
Lead-Soldering Temperature (10 S Max)  .......eeeeeeeeeee Tr 255 oc 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

Lor =".0700 rn AS bl wa. Or ek oes eee te aceetatetne sovstsccoeeeetes V(BR)CBO 35 min V 

WViBES se — Lav Ge 7 0 OOlNNTADR. 2 ec ere VBR) CBY 35 min Vv 
Emitter-to-Base Breakdown Voltage 

(Ing *=0:0012 mA sel Go 210) re er ccorrertetrticton cetera Ver) EBO 3 min Vv 
Collector-Cutoff Current (Vcm = 1 V, In = 0) ............ Icso 0.02 max LA 
Emitter-Cutofi Currents (Vesi=a3 Vi. Tc 0)iievecccccssssece IEBOo 1 max LA 
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CHARACTERISTICS (cont'd) 


Static Forward-Current 


sn | 
Oscillator Output 
(Weer ==) 62 V3, R 


Transfer Ratio 
A 


Feedback Capacitance (Vczr = 8 V, In = 0, 


af eet ONC Ss) 


== TYAS) Ree ee ee hrr 
Voltage, Common Base Circuit 
Te OUR) at me BE ZOE NIC/S) nce: Vor 
PONS enUsencoucusnceuseseetocccaceecetutebessvecussecccessscteccecsscuseswace Cepb 


TRANSISTOR 


27 to 170 
55 


0.8 max 


40245 


281 


mV 


pF 


Si n-p-n planar type used in if-amplifier applications in conjunction with 
types 40242 (rf amplifier), 40243 (mixer), 40244 (rf oscillator), and 40246 
(if amplifier) to make up a “front-end” and if complement for FM and 
AM/FM receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 


3 - collector, 4 - con 
MAXIMUM RATINGS 


nected to case. 


Collector-to-Base Voltage: 


eS Ice an ns cledoccics<oosccsednnvSecsntoncsecendosesonscs iomanceosnsnseee Vcso 
ESN oa eco cccScckeccaaaeconenncoceiecse euavees VcrEvV 
Emitter-to-Base Voltage VEBO 
SONGS TP (CLUE RET Ra eee A orn Ic 
Transistor Dissipation: 

Ta up to Veet tlh SRSA: dol gS NH RU erces bre ene SO Pr 

AM MRR MED NORM DO oo ong cca ahc cc gent ccna ivntes'essccisdeossdssessaucsdecendocvadvoserceses Pr 
Temperature Range: 

Operating (Ta) and Storage (TsiG) ceccccccccccccccsscccsseees 
Lead-Soldering Temperature (10 S Max) oo. aie 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

eee RR DE INIA EN. ooo scccastancondsahyudocepancenedeaanvigevecceovedes V@rR)CcBO 

Perr eee Le S000 VA eerie cic cccecibcleceececeseceacoosce V(BR)CBV 
Emitter-to-Base Breakdown Voltage 

Ree OOO TVA TG Oe reb cbes hi ccnaden ads cada chossnehocccesseused VBR) EBO 
Collector-Cutoff Current (Vom = 1 V, Im. = 0) ..secccese.ee. IcBo 
Pimtter-Cuvon Current (Vas =.3 Vj Ic ==. 0) vecccccccccheces IrBo 
Static Forward-Current Transfer Ratio 

Sar eR 1 ETA ) 55... cccacndvceconcecenossacducdjossedonoees hre 
Feedback Capacitance (Vcr = 8 V, In = 0, 

IVS) aero oe Secce cc canosceteece tives ssessttcctsusnadcavettsoctuscstsu i eee Cepb 
Extrinsic Transconductance (Vcr = 7.5 V, 

epee IVA he LOT IMEC/ So fo dicecetidcascaskcctesseeeiecnscns gm 
Maximum Available Amplifier Gain 

(Ver ——2. V,.1n.— —2 mA, f = 10.7 Mc/s) © :z.......... MAG 
Maximum Usable Amplifier Gain: 

Neutralized—Vcc = 12 V, f = 10.7 M/S oc MUG 

Unneutralized—Vcr = 7.5 V, In = —2 mA, 

MU TIVE / Se eA cvacdasceadds ase atoucodedeve coc saosersanses MUG 


TYPICAL EXTRINSIC TRANSCONDUC TANCE 


Q AT 10.7 Mc/s 

x 

= no0 | TYPE 40245 

a COMMON -EMITTER CIRCUIT, BASE INPUT. 
= FREE -AIR TEMPERATURE (Tra)= 25°C 

‘ 


' TS) coLLECTOR-TO-EMITTER VOLTS (Vc¢)=7.5 


EXTRINSIC TRANSCONOUCTANCE (gm) 
“N 
oO 


ce) cd eye 9} 


-4 -5 
EMITZER MILLIAMPERES (Ie) 
92CS-12929T 


-6 


35 V 
35 V 
3 V 
50 mA 
180 mw 
See curve page 112 
—65 to 175 AS 
255 od @ 
35 min V 
35 min V 
3 min V 
0.02 max LA 
1 max LA 
70 to 170 
0.65 max pF 
70 mmhbhos 
51.4 dB 
33.2 dB 
28.1 dB 
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CHARACTERISTICS (cont’d) 


Input Capacitance (Vcr = 7.5 V, In = —2 mA, 

LYSE AO TL IAC1S) Foe isecccscreacenasrncdethapcentorteoccrthateerenetea aerate Cie 8.2 pF 
Input Resistance (Vcn = 7.5 V, In = —2 mA, 

Fas LO se MIC/S) teiccccscdes Rcotectttenser cecesss Rech oe eae ee Rie 1400 Q 
Output Resistance (Vcn = 7.5 V, In = —2 mA, 

1 te yess md WD AY ey Ao nese Senha SF A eee oti) a a ach a Roe 80 kQ 
Output Capacitance (Vcr = 7.5 V, In = —2 mA, 

f = 10.7 Mc/s os Bertie os fet PO Ns ars hi ne BE thy Hy. dnep cat Coe 1.5 pF 


40246 TRANSISTOR 


Si n-p-n planar type used in if-amplifier applications in conjunction with 
types 40242 (rf amplifier), 40243 (mixer), 40244 (if oscillator), and 40245 
(if amplifier) to make up a “front-end” and if complement for FM and 
AM/FM receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 
3 - collector, 4 - connected to the case. This type is identical with type 
40245 except for the following items: 


CHARACTERISTICS 
Input Resistance (Vcr = 7.5 V, In = —2 mA, 
LOCO MIG/ GY REHEE fo he US erties aint eee meneites Rie 1200 Q 
Output Resistance (Vcm = 7.5 V, In = —2 mA, 
Pr 1 OFFIC SAP agian gcacas caceksak Ruceece ees acer eeee vied Roe 90 kQ 
40250 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in audio and inverter circuits in 12-volt 
mobile radio and portable communications equipment and in a wide variety 
of intermediate- and high-power applications. JEDEC TO-66, Outline No.22. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. 


MAXIMUM RATINGS 


Collector-to-Base: Voltage 3 i..asdccccsccccecagasscotossocesviehepsesendetoatnde Vcso 50 V 
Collector-to-Emitter Voltage: 

ET ee Be Ean aa ee ACh Malt eS Yea S Beh T VcrEv 50 Vv 

BS ASO R CODON Rois cc occnstanchece eek tebe ion cal ements VcEo 40 V 
Emitter-to-Base « Voltage (i0..c. cccsscccsoscccesentetascsceieabboickad vans VEBO 5 Vv 
Collectomee MrreMmt 725k iscscsclesnspudbioaspfeccds liven cower Leia Ic 4 A 
ERASE TAROT ior cas sas cantiskesenlausl eorvevaninese o MERE Le In 2. A 
Transistor Dissipation: 

LORD Aor 2S (CH em, ea aa cian ants ann ae eee eee Pr 29. WwW 

Por angveres Cp Satie a as Oe oe Sa ee ie Pr See curve page 112 
Temperature Range: 

Operating: (Janction) “Liaise ee Se ee Tz (opr) —65 to 200 AG 

SDEOL ASC sleickp dit nasndavectearack tetra tedle ntaseoant te caters edanteade Tek. TstTc¢ —65 to 200 ol 
Pin-Soldering Temperature (10 S MAX)  ceecccccccsssseccscseese Tp 235 eC 


TYPICAL DC FORWARD —- CURRENT 
TRANSFER RATIO CHARACTERISTIC 


TYPE 40250 
COLLECTOR -TO-EMITTER VOLTS (VcE)=4 


00 
TH 
CONE 
Z| 
feo CHIN 
FCCC 
0.01 fe) Ke) 


40 


468 468 4 


K A 
COLLECTOR AMPERES (Ic) 
92CS-12564T! 
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CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage 


Ree ERA MEO) occ cvcctandscvesseccnsnvsasessseveescscdsonsescnsessesnss VBR)CBO 50 min V 
Collector-to-Emitter Breakdown Voltage 

Re eV BB, — 15 V) © oo ccccevapeccdenccovcsasvadeceecesevssecots V(BR)CEV 50 min V 
Collector-to-Emitter Sustaining Voltage 

WN ENN oho cc vs snc sis ccstvanseusvivsdavcudéncvestesanssddecsessoastucssone Vcro (sus) 40 min Vv 
Emitter-to- -Base Breakdown Voltage 

Rr EHO) icons’ souetsansacontivingnss cacaccansesainalsedcenasacs V(BR)EBO 5 min V 
Collector-to-Emitter Saturation Voltage 

en ey ee PB O15 PA) cic ccsvsoraseccctesssores cocevcnlincczroretevs Vcr (sat) 1.5 max Vv 
Base-to-Emitter Voltage (Vcze = 4 V, Ic =1.5 A) ........ VBE 2.2 max Vv 
Collector-Cutoff Current: 

Wich sO OM enh = Os. DOr 120° Cl Aa Rincsivcii ness Qesecdeetsetdaewees IcBo 1 max mA 

Witmer —2O,— LG: 150°C cc cRidesveneccecsvectasevcsnesseweed Icso 5 max mA 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ................ IrBo 5 max mA 
Static Forward-Current Transfer Ratio 

ee UES Fe Sy 6 | aa Oe hre 25 to 100 
Thermal Resistance, Junction-to-Case .............cccessseseeeeeeeee Qs-c 6* max °C/W 


* This value does not apply to type 40250V1. 


‘ TYPICAL TRANSFER CHARACTERISTICS 


TYPE 40250 
COLLECTOR-EMITTER VOLTS (VcE)=4 


COLLECTOR AMPERES (Ic) 


ie) 0.5 I 1.5 2 2.5 


BASE-TO-EMITTER VOLTS (Vee) 
92CS-12325T 


TRANSISTOR 40250V1 


Si n-p-n diffused-junction type used in audio and inverter circuits in 12-volt 
mobile radio and portable communications equipment and in a wide variety 
of intermediate- and high-power applications. This type has an attached 
heat radiator for mounting on printed-circuit-board applications. JEDEC 
TO-66 (with heat radiator), Outline No.22. Terminals: 1 (B) - base, 2 (E) - 
emitter, Mounting Flange - collector and case (with heat radiator). This 
type is identical with type 40250 except for the following items: 


_MAXIMUM RATINGS 


Transistor Dissipation: 


NMC ey Co igh hin acs yop taeneevee et <csheacospsdesasedonnctusdereanesegnnseactns Pr 5.8 WwW 
CHARACTERISTICS (At case temperature — 25°C) 
Thermal Resistance, Junction-to-Ambient ................08 Qs-A 30 max °C/W 
POWER TRANSISTOR 40251 


Si n-p-n diffused-junction type used in audio and inverter circuits in 12-volt 
mobile radio and portable communications equipment and in a wide variety 
of intermediate- and high-power applications. JEDEC TO-3, Outline No.2. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage 


Collector-to-Emitter Voitage: 


Vee = —1.5 V 
Base open 
Emitter-to-Base Voltage 
Collector Current 
Base Current 
Transistor Dissipation: 
Tc up to 25°C 
Tc above 25°C 
Temperature Range: 
Operating (Junction) 
Storage 


CHARACTERISTICS (At case temperature — 25°C) 


POO e meee eee ee ree esee eee eeeseeee esse eeee Tees eeeseeseeese 


ee ey 
OOOO O RTOS eee eee rE OEE ES OO TODO SEED SEES EE OSSOEE DE OE SO EE HOES SHEE SOHO SESE DSSS SEES OES 
Po eee ere reser eee rere emer eeeeeHeHOeeeseae Hebe sere Hees eees 
SOOO eee eer es errr sees ee ee esses eee OeeaeebESeSs see See eeeE see eeSEsEEEeoe® 


POC eee eee rere reser eee eee EOE TOTO ESSE SEEOESES ES OHS DESH EEDS ESOS OEEO EES OEHEED 


PRO O eee eres ee seers SEOs EHO EES EeHEOEH ESOS OSES SOES SDE OOEE SESE EOOEEEES 


CORO Oe He meme ees e rere Der OH ee EEE eee EEE SEES ESOS OEEE HOTS REE OEEE SESS SEES 


COCO O eee e eee ee eee ee sere eee eee He eee Eees Ores eeee sere eseseees 


Powe eee e rere reese ees seee ees eee OOOH OES OE SESE OE SSEE DOSE ESSE SESS SEES EEES OSES ESSE OSES SESS 


Pe eceereeeseccocoseccoes 


BONES Or Re abe Breakdown Voltage (Ic = 0.1 A, 


POOP OOOO ea OO ee OE EE SOLO O EOE DOO SEES O OSE EE EOE ESOT SESS ESOHSHS OSES ESHOHOD OSES SESE EES 


PO eee eee sere sere eee eee es ers sOHere ss Deee ess eessessseeseseesssessesees 


aa 
“Von = -15-V)_ Breakdown Voltage (Ic = 0.1 A, 
) 


Vase = —1 


CPO eRe eee Oe HEE EEE EH OE OEE EOE EEO ES TOSSES EEO S SSE OEE SHES TEESE OEE SEES E OEE ESHE SOHO SE HEES 


0) 
Pilicnion: Area ad Sustaining Voltage 


(Ic = 0.2 


Collector-to-Emitter Saturation Voltage 


(Ic = 8 A, In = 0.8 A) 


Base-to-Emitter Voltage (Vcr 


Collector-Cutoff Current: 
Vce = 30 V, 


Emitter-Cutoff Current (Vrs 


Ven = —1:5.V;-Te 
Vce = 40 V, Vaz = =—1.5 V, Tc 
=75-Vi-Ic =. 0) 


Static Forward-Current Transfer Ratio 


(Vck = 4V,Ic=8A 


Thermal Resistance, Junction-to-Case 


TYPE 4025! 
COLLECTOR-TO-EMITTER VOLTS (VcE)=4 


DC FORWARD -CURRENT TRANSFER RATIO (hee) 


40253 


MAXIMUM RATINGS 


Emitter Current 
Base Current 


0.1 
COLLECTOR AMPERES (Ic) 
92CS-12565TI 


TYPICAL OC FORWARD — CURRENT 
TRANSFER RATIO CHARACTERISTIC 


eoecee 


VE OP OOOO O SECO S ESO EH ES ESET EEEE EOS ODES EE ESO ESE CEES OEEH SESE ESE SOSH EEO HEED 


Poe eee ee eee eres eeeseseee esse seseeseseeesssroeseseeseseee 


weceecee 


Ooescccccssscecccesscees 


Ceccccccccccvesccscere 


POCO eee eee seeeereeoees sess ress eees ese eeeeeeesDeseees 


Poe eccoeeveseccnccsesces 
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Vcso 50 Vv 
VcEvy 5) V 
Vcro 40 V 

VEBO 5 Vv. 
Ic 15 A 
Is 7 A 
Pr 117 WwW 
Pr See curve page 112 

Ts (opr) —65 to 200 Ae: 
TstcG —65 to 200 Cc 
Te 235 eC 
V.BR)CBO 50 min V 
VsBR)CEV 50 min V 
VBR) EBO 5 min V 
Vcro (sus) 40 min Vv 
Vcr (sat) 1.5 max V 
VBE 2.2 max V 
Icrv 2 max mA 
Icrv 10 max mA 
Izso 10 max mA 
hre 15 to 60 

Qs-c 1.5 max °C/W 


TYPICAL TRANSFER CHARACTERISTICS 


TYPE 4025) 
COLLECTOR-TO-EMITTER VOLTS (Vce)=4 


7 
ee 
Gb o4 


BASE-TO-EMITTER VOLTS (Vee) 
92cS-i232eT! 


TRANSISTOR 


Ge p-n-p alloy-junction type used in class B audio amplifier applications 
in consumer product and industrial equipment. JEDEC TO-1, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 


POOR OOH eee e meee ease eeee eee HEH eees eee eee esse eeetes 


HOO mere r eee reas eeee eres ease saes sees sees seeeesesios 


COORD OOOH Dee ree e EEE eee OOee EEE EEEEeeeeeeseeeeeseeees 


SHPO P OEE OOOH Osea e OO ee eee e Eee Ee EEF eeEeEeEE DES OEEEHEEe EEE ese Eeeeeeseeees 


SEHR HOHE EES DESEO RHEE EES DES EROS E OES EHEOSESE OE TEEEEESESEEEOE ODES eee 


POOR POE O ee Dee EEO OE EHO O OOO SE EE OE TEESE SHEE OOOO OESE SESS SESE ESESEEEEEOSS ESSE HESS 


Vcso —25 V 
VcEo —25 V 
VEBO —2.5 Vv 
Ic —500 mA 
Iz 500 mA 


Is —100 mA 


Technical Data for RCA Transistors 


MAXIMUM RATINGS (cont'd) 


Transistor Dissipation: 
Sie AMmmRE EDMET UCN MEME CSc vv cnn sveascccsnoabeqasseccnsouposedncganctastochececosdsecses 
POM IIRE IONE TSDC Motor cactacterccrscact secscvecoocsttscscosodecceos ecscsbisedincesrcesdeoes 
MIE EO CANN GAS le 65068 0G cacduccnce ac adh isso actessucdcdechecoscsbantehes 
Pe DAC MEY A 8 fo Coes Gc ccovinsn as acca ssputecs desosseobinsesocsnnasdeehecoisecsee 
Temperature Range: 
RPPVE Tate 1 (DUITIC CLONE) §7  ahacss kk. Seas bats sean a arcade lass wood decesecs iooese 
Ses EN Ered ARDMORE Cy eres ceeytnc Cie facet oe cociveevecsscoisesuutsouscedecovsevasebaddesesedeaceves 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage 
RON ETT LET — Qos cscs ccecnscesescesaccccevesqnasecsesesosesesaces 
Collector-to-Emitter Breakdown Voltage 
aN Fis OF a, isn cal. asesbadsvesccscnsivncsevcsssssorosecvene 
Emitter-to-Base Breakdown Voltage 


Soren NE RTF AGS 0) isn. csccsccoccesesccercsscccescccccassseussste 
Collector-to-Emitter Saturation Voltage 

(Ic = —400 MA, Ip = —20 MA) ee ccceetereeeeees 
Base-to-Emitter Voltage: 

Yet LO Vig Cae 5 TNA isc siisacdewsdsocsncstossnceececoucousesecds 

yh ye 2 Ws eR Co S11 0h 0 ¢ 0 lalate pe 
Collector-Cutoff Current (Vcs = —12 V, Im = 0) ........ 


Emitter-Cutoff Current (Vrs = 2.5 V, Ic = 0) 
Static Forward-Current Transfer Ratio 

COV oR 9 Vin XO * = AQ OMIA) Hi. cccccsesecccecssedastovsccssceceses 
SpA ETA —ESATIC WAGE PE LOCUCE 2 u.cbccliecsacesccescecccecscastaceccodeccscdsecdedooves 
Thermal Resistance, Junction-to-Case 

ed A Siero ae. a eee STG Coc eo bedek bh bose vcloccqucbowessvaceasse 


285 
Pr 125 mW 
Pr See curve page 112 
Pr 50 mW 
Pr Derate linearly 25 mW/°C 
Tz (opr) —65 to 90 ye: 
Tstq —65 to 90 i, 
TL 255 °C 
V(BR)CBO —25 min Vv 
VerR)CEO —25 min V 
VBR) EBO —2.5 min V 
Vcx (sat) —0.5 V 
VEE —0.15 V 
VBE —0.45 V 
IcBo —14 max uA 
Izzo —14 max uA 
hre 50 min 
fr 1 Mc/s 
Qs-c 40max °C/W 


TYPICAL COLLECTOR CHARACTERISTICS 


PE 40253 
COMMON -EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (Tc)=25° 


eA 
a_— 


COLLECTOR MILLIAMPERES (T¢) 


o -! 2 -3 -4 <5 


Se eee 
BASE MILLIAMPERES (Ig) =0 
6 7 -8 -9 -10 


COLLECTOR-TO-EMITTER VOLTS (Vcg) 


TYPICAL TRANSFER CHARACTERISTICS 


4FTYPE 40253 
2| COMMON-EMITTER CIRCUIT, BASE INPUT. : 
CASE TEMPERATURE (Tc)=25° C 


8 

; COLLECTOR-TO-EMITTER VOLTS (Vee) =-! 
L—— 

: HES BS 


COLLECTOR MILLIAMPERES (Tc) 
DC FORWARD-CURRENT TRANSFER RATIO (hee) 


@ASE-TO- EMITTER VOLTS (Vpe) 
92CS-12590T 


92CM-12594T 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


TYPE 40253 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (Tc)= 25° C 


roma ed ea 
eae 


-100 -200 -300 =-400 


COLLECTOR MILLIAMPERES (Ic) 
92CS-12592T 
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40254 POWER TRANSISTOR 


Ge p-n-p alloy type for class A af power-amplifier service in driver- and 
output-stage applications. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - 
base, 2 (EK) - emitter, Mounting Flange - collector and case. This type is 
identical with type 40022 except for the following items: 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 


Collector-Cutoff Current (Vcsp = —30 V, In = 0) ......... Icgo —3 max mA 
Collector-Cutoff Saturation Current 

(Nice B=) — 0. Sig Vijl Wig 6 O ) ib cocecsstacsessernaceeQuatooncesecsteccs sea seein Icgo (sat) —0.16 max mA 
TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCUIT 
DC=Collector=Supply™ VOltavge ea... ee Vcc —16 V 
DC Collector-to-Emitter Voltage on... ecceecseeseeeeees Vcr —13.2 V 
DEC CollectOrZz Currents .cocrecee ctr Ic —0.9 A 
Peak «CollectOrn Curren Gass cscesanecs doses cdacteagegecscitacsuscrsscatocette sting ic(peak) —1.8 A 
INPUtee LIM PCAANCOg ecr.ccesrsccsteetretsccccos ee recorer oe eet eee Rs 15 Q 
Collector Load IMPedance  .ooiicic.ccccccccccecssscssecescseseccossscscesevecs Ru 15 QQ 
Maximum Collector Dissipation ..............ccccssscccessssrsceessseeeees 12 WwW 
TOW. CTR G ALIN Best eterecdecesteesccedeseen ttt reeer re eae GPE 36 dB 
Total Harmonic Distortion (Pom = 5 W)  wcscsccesseeeseeees 5 % 
Maximum-Signal Power Output oun... ccccccsssssssseseeesees Por 5 WwW 


40255 TRANSISTOR 


Si n-p-n triple-diffused type used in switching and linear amplifiers, differ- 
ential and operational amplifiers, high-voltage inverters, and series regu- 
lators for industrial and military applications. JEDEC TO-5 (with flange), 
Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case (with 
flange). This type is identical with type 2N3439 except for the following 
items: 


MAXIMUM RATINGS 


Transistor Dissipation 


DO GUD 110 ESO °C ove cores cneeeesvocncttss on tucstsceWentecesatensssahe ks cen n<ttceseopents Pr 10 Ww 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Case 

(Poe =" 2 toga SW falas =—5100 sll) eer eee erases Qs-c 15 max °C/W 


40256 TRANSISTOR 


Si n-p-n triple-diffused type used in switching and linear amplifiers, differ- 
ential and operational amplifiers, high-voltage inverters, and series regu- 
lators for industrial and military applications. JEDEC TO-5 (with flange), 
Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case (with 
- flange). This type is identical with type 2N3440 except for the following 
items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


TOSUP St 250) CAR Seer cect gescerte ee aad eaiec teenie nacee anor niae Pr 10 WwW 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Case 

(Poes==e2etoe FaWeny tes 10041 A) eer ores cco Os-c 15 max °C/W 


40261 TRANSISTOR 


Ge p-n-p drift-field type used in converter service in conjunction with types 
40262 (if amplifier), 40263 (af amplifier and driver), 40264 (power output), 
and 40265 (line rectifier) to provide a complement for line-operated AM 
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broadcast-band receivers and phonographs in entertainment equipment. 
JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 
Collector-to-Base Voltage: 


MNO NINE TINE SEs od ccuudcavecscvtoccticcsscdscoupsuchivescasctsceccvacatecve Vcso —34 V 

pera NER Oe bm 0 A is ccaccccoceccgedbodccevactucaveedsvocdesscdoes Vcsv —50 V 
Emitter-to-Base Voltage  ...........ccccscccsssssscssesssscescssssssssesscconecs 5 VEBO —0.5 V 
ere RAE MEM EMME D ooo o 0c as.csks caeeadactieacslavecccciescacecsuacecni odenscssucscedsed Ic —10 mA 
NNR UM MRA RPERG BLOT, clo havatscdoscedoksuidacdstaccdasocaceddesoacesccodcvbigboosece In 10 mA 
Transistor Dissipation: 

A ABEO EI) ed PON, ilces snpestcavesed Merete ethics bakosde vuehbedons ncedanpmakea ied oe 80 mW 

Sn RON ER A Se 2 pe ac Soe cos Sencdassadcbcbaceucadcccsueonasnnvsniscceepesveeserss See Rating Chart 
Temperature Range: 
. Operating (Ta) and Storage (Tsvq@)  ....cccecscsseccsseceees —65 to 85 °C 
Lead-Soldering Temperature (10 S Max) ounces Li 255 ee 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

Mirae WaT A EH —— 1) ca osi cocc tase ec ovawedaqlorvevevelectatihsvelouetintees Vcso —50 V 

PM Re FAC —— —0.05 MA qo. cccsecectacsvcvcivscosensecsev¢eiscevsens Vecsv —34 V 
Emitter-to-Base Breakdown Voltage 

re ee Oe VAS TO) irrosecccencsvecdeccccssecsbewancssteccedveccedss VY (BR) EBO —0.5 min V 
Collector-Cutoff Current (Vcs = —12 V, Im = 0) ........ icBo —12 max uA 
Emitter-Cutoff Current (Ves = 0.5 V, Ic = 0) uu... Inso —12 max uA 
Intrinsic Base-Spreading Resistance 

(Vcp = —12 V, Ic = —1 mA, f = 100 Mc/s) ............. Ibb’ 25 Q 
Small-Signal Forward-Current Transfer Ratio 

Vee =—6:V; ‘To = —1 MA, £ = 1. Ke/S). sicccdseicspecscacse hte 27 to 170 
Gain-Bandwidth Product (Vcr = —12 V, Ic = —1 mA) fr 40 Mc/s 
OCutput ere 

weaves Vv, Lm = 0, £0) 2.5- Me/S) > caciescseteccocscceaeiec Cobo 3.7 max pF 


RATING CHART 


(VcE) = -6 
» | TYPE 40261 _ | FREE-AIR TEMPERATURE (Tra)=25°C 
x= a 
5 
Ys 
2 a. 
fl : 
2 a 
eal 
25 : 
sc re) 
ae 5 
=a hr 
a | 
a 3 
Oo oO 


fe) 
-75 -50 -25 0 25 50 75 100 
FREE-AIR TEMPERATURE (Tra) —°C 
92CS-12718T 


ie} -50 -100 -I50 -200 -250 
BASE-TO-EMITTER MILLIVOLTS (VgeE) 
92CS-10679TI 


TRANSISTOR 40262 


Ge p-n-p drift-field type used in if-amplifier service in conjunction with 
types 40261 (converter), 40263 (af amplifier and driver), 40264 (power out- 
put), and 40265 (line rectifier) to provide a complement for line-operated 
AM broadcast-band receivers and phonographs in entertainment equip- 
ment. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - col- 
lector. This type is identical with type 40261 except for the following items: 


CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(You =—6.V,.1o = —I mA, f = 1 Ke/S). iiceecccscsscsc.se hre 82 to 350 
Gain-Bandwidth Product (Vcm = —12 V, Ic = —1 mA) fr 30 Mc/s 
Output Capacitance (Vcp = —12 V, 


mT TE See Sa) DI) BY sccscvcenosqncgseaccesecerrsvocdsetecsececonaciteces aes Cobo 3.4 max pF 
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40263 | TRANSISTOR 


Ge p-n-p alloy-junction type used in low-level af-amplifier and driver service 
in conjunction with types 40261 (converter), 40262 (if amplifier), 40264 
(power output), and 40265 (line rectifier) to provide a complement for line- 
operated AM broadcast-band receivers and phonographs in entertainment 
equipment. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 
3 - collector. 


MAXIMUM RATINGS 


Collector=to-=Base VoOltade® s.....cccsescssssessosscssesscsscosesetesseoseesosessess Vcso —20 Vv 
Collector-to-Emitter Voltage (Rsm = 10 kQ) ............ VocEr —18 V 
Emitter-to-Base SV Oltage iii ssccsiscstetecsonocsavtecstoscuveens stenscestasses VEB —2.5 Va 
Collector Curren terres. cone solesnes dean abete Sodeder aa baeedessbeeuivter ses Ic —50 mA 
Pmitterst Curren tt eeoccx. cackecsscssceees eas snes eos fas v ee seeas ent vencea ences In 50 mA 
Transistor Dissipation: 

EMPL ELON DD IC Sid, ccstes. ctaccvasnt tore nsce tsa sn Sototean ss ss teeapaehomsaaeeesees Pr 120 mWw 

EAT ADOV Eee Dc CaF eaei ccs iis ae cosets sc stesesevencusesua desis tates nae tstectuleds Pr See curve page 112 
RN as A Range: 

Opera tne (Ta—Tc) and Storage (TsTG)  ...........ccseeeeee —65 to 100 AG 
Lead-Soldering Temperature (10 S MAX) on... eee 4B: 255 sc 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

CT) SS STAG RB LO Re eeiiesccnctscotsacesssctevsauessseteacseaes VBR) CER 18 min ay V' 
Emitter-to-Base Breakdown Voltage 

(hn =O 05 cA Sect —* 0) iene oseercatecse ces ssstecss eeatasctvecseevcteseie V (BR) EBO —2.5 min V 
Collector-Cutoff Current (Vcs = —20 V, In = 0) ......... IcBo —12 max pA 
Emitter-Cutoff Current (Vrs = 2.5 V, Ic = 0) ............ Izzo —12 max pA 
Small-Signal Forward- Current Transfer- Ratio Cutoft 

Frequency (Vcr = —6 V,Ic = —1 MA) ......... fneb 10 Mc/s 
Small-Signal Forward- Current Transfer ae 

(Vcr = —6 V, Ic = —1 mA, f = KC/S) ees hte 100 to 325 

Intrinsic Base-Spreading Resistance (Vor = —6 V, 
oho a A tol OOM MIC/S) desccccocecsencecssssssccsesvosegoscsescccsseeses Ybb’ 200 (9) 
40264 POWER TRANSISTOR 


Si n-p-n diffused-junction type used in class A output-amplifier service in 
conjunction with types 40261 (converter), 40262 (if amplifier), 40263 (af 
amplifier and driver), and 40265 (line rectifier) to provide a complement 
for line-operated AM broadcast-band receivers and phonographs in enter- 
tainment equipment. Outline No.28. Terminals: 1 - emitter, 2 - base, 3 - col- 
lector and mounting flange. 


MAXIMUM RATINGS 


CollectOr=to=sBaSCiaV OAL otesceocte carer tose ccctteese ee hhesenes Vcso 300 Vv 
Collector-to-Emitter Voltage 

Ye CT ome RA a 3 5 A at ei sales avetee ass toconstecesass ca peers VcEx 300 Vv 
Emitter=tosBaseleV Olta ge: | Cicciccctacesstecscssssuseescssevsessseccnvscettereeot os VEBO 3 V 
COLIECTOR CULT CI ei ceioe ere REE an sR Ic 100 mA 
Femitters: Curren tips. i5..cssesses-sestencaneastese ss ot edetter ears eeame intense etree In —100 mA 


Transistor Dissipation: 


EMV MULP tO. UO Che cacnccrech coveatonk ce SoeteeeeseseTeaes oan eN Et SAT CEN Pr 4 WwW 

LMR sy ADO Vtg Os, Gite. ttccs, ceesc6 aces tte cteveacs tesssaxe eae eT cee Pr Derate linearly 0.05 W/°C 
Temperature Range: 

Operating (Ta-Tmr) and Storage (TstG@)  ..........eee —65 to 150 Ae 
Lead-Soldering Temperature (10 s max) ......... eee Tu 255 oe 


CHARACTERISTICS (At mounting-flange temperature — 25°C) 


A eT -to-Base Breakdown Voltage 


(TO S20 SL tA Lan PO) WE sees ececnachtoccessostecscosaverstecisteee conseeeee VBR) CBO 300 min V 
Collector-to-Emitter Breakdown Voltage 
(Iob==P Le mAsc Te i=. OL005 Ae risiccseertes-stasececenssresecrcseesemes Ver) Cex 300 min Vv 


Emitter-to-Base Hieakdowiin Voltage 
(Tmt " OL tA FT GO) a seivccchevecesescees states ccectesetessdcessceatoseeseets VBR) BEBO 3 min V 
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CHARACTERISTICS (cont'd) 


Collector-Cutoff Current: 

Whore Ses SIGS AWG 2 Ropes tad sees see cP aera en 

Wine oO Ver bee" 0.005 MA aisle eaves cesccccccacceecees 
Static Forward-Current Transfer Ratio 

(Vcz = 10 V, Ic = 50 mA) 
Intrinsic Base-Spreading Resistance 

Verne lO0MV. Le. — 20° mA, f= 100 Mc/s), ..m026ccéc.c00000c.< 
Gain-Bandwidth Product (Vcr = 50 V, Ic = 20 mA) 
Output Capacitance (Vcs = 50 V, In = 0) ......, 
Thermal Resistance, Junction-to-Mounting Flange 


TYPICAL COLLECTOR CHARACTERISTICS 


Pee meee ee eee ren eee esas ene eeses sess seseeseneees 


TRANSISTOR 
DISSIPATION 
(Py)=4 WATTS 


IcsBo 
Icex 


hre 


Ip’ 

fr 
Cobo 
Os-MF 


(TMF) = 25° C 


100 max 
1 max 


30 to 150 


20 

25 

5 

20 max 
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pA 
pA 


Q 
Mc/s 
pF 
°C/W 


TYPICAL TRANSFER CHARACTERISTIC 


4° TYPE 40264 
| COMMON-EMITTER CIRCUIT, BASE INPUT. 


MOUNTING-FLANGE TEMPERATURE 


COLLECTOR MILLIAMPERES (Ic) 


COLLECTOR MILLIAMPERES (Ic) 
nm 


fe) 50 WO 150 200 250 300 2 
COLLECTOR-TO-EMITTER VOLTS (Vog) 
92CS-IZTIST 058 


COMPUTER TRANSISTOR 


0.62 


0.66 


0.70 ©8074 
BASE -TO- EMITTER VOLTS (Vp) 
92CS-l2723T 


40269 


Ge p-n-p. alloy-junction type used in medium-speed switching applications 
in industrial-and military data-processing equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage (Var = 1 V) 
Emitter-to-Base Voltage 
Collector Current 
NAME PRC LPL ON) Greketatisstesessscicssivsacasustacacss Sasssedeecesocccessdeseeesesesooadess 
Transistor Dissipation: 
Ta up to 25°C 
SUR EU BKON RDS, VARI Co eRe aA RP 
Temperature Range: 
Operating (Junction) 
Storage 


eee eeeccssoccccsesecesese 
SOHO oer eeeeae eee rees sense sees eeeseressereeerosesresees 


Cr ee rere rr eee err ere rere rr rer errr err errr rie ete eee ry 
CORO COTO reo ee seer e eee e OEE eee Eee EHH OEEH HHO EEE HES eS EeeE es eseeseeeeseee® 


Reem eee eee tems eee eee ee eee EEE eee e esse eeees ees Oee sees sees 
Coe eee e een ee ea eewe esses see ees see eee eee esee ease eee este Tess SEES EE EE DEES SEEE OEE OSEE SEES 


Stee cence cecceseceesecos 


CHARACTERISTICS 


Collector-to-Base Breakdown Voltage 

iGO OD aT ALS eV BRL WV) cas ad. osesusceavcenccoleoeutcuoaseseesh 
Emitter-to-Base Breakdown Voltage 

CPUrome— OO IIT AG LG, oO)! acco 2oi sth oosanchcsisvoonaciacsvoosesaowowace ates se 
Base-to-Emitter Saturation Voltage: 

Ic = —12 mA, Is = —0.4 mA 

RG at ND Bee NS IA dn soccccsada ceedecccapenecsSeuacisoascenoavl 
Collector-to-Emitter sealer Las acum 


POO e neem ween ee eee eeeeenneesesessees eres 


(Ic = —24 mA, In = —1 m 
Collector-Cutoff Current: 
Pe OMe a Crs eo ake eee 

ssl | id By ee 2 USL Ce ergs CR a ee 

Emitter-Cutoff Current (Ves = —2.5 V, Ic = 0) 
Static Forward-Current Transfer Ratio 

(Neri —— ei OV, 1G = = — DD FINA) egos icccecccsccaccesessenecease 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vcs = —6 V, Ic = —1 mA 
Collector-to-Case Capacitance 

WR ree tree — ON o L —O) erie bran cetscaccecevecossoseceneshenecnctréssreeces 
Stored Base Charge (Ic = —10 mA, In = —1 mA) ..... 


Seem eee meee ee ewe eee e eee ee esse sees eeee 


sere eeesecorsscseces 


Ts (opr) 
TstG 
TL 


V(BR)CBYV 
V (BR) EBO 


VBE (sat) 
Vex (sat) 


Vcr (sat) 
Icso 


IcsBo 
Izzo 


—25 V 

—12 V 

—100 mA 

100 mA 

150 mw 

See curve page 112 

—65 to 85 Ae: 

—65 to 100 °C 

230 SC 

—25 min V 

—12 min V 

—0.35 max V 

—0.4 max V 

—0.2 max V 

—5 max pA 

—90 max pA 

—2.5 max pA 
50 to 200 

4 min Mc/s 

20 pF 

1200 max pC 
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TYPICAL DC FORWARD -CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


I40F TYPE 40269 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS 

I20F (Vee) =-0.15 
FREE-AIR TEMPERATURE (Tea) = 25°C 


DC FORWARC-CURRENT TRANSFER RATIO (hFe) 


ie) -20 -40 -60 -80 -I00 -120 
COLLECTOR MILLIAMPERES (Ic) 


40279 


MAXIMUM RATINGS 


Collector-to-Base Voltage ....c..cccccccscccsscccsssccccsscsssssscesssccsssecees 


Collector-to-Emitter Voltage: 
Wen — SSSly le 


BSASG) JOWCTIE ae. Circ ie sosce occasion dvslsap tatckesediniadesnat ont SEL Eee 
Emitter=to=Basev Voltage © oi... 5csidiccccscccocsssnseseccaisete eee acta 
Collectors. Carrennt ei ai, herc.cossc sce re ne ee ss 


Transistor Dissipation: 


LONE UI O20 en Nee, MER, ae gli pds eater tacod ind aaae ORR Ee 
LO MADOVE 252 C Bee ee ES, eae ie Ae. 


Temperature Range: 


Operating, CIUNCUON ) Sek coc ea 


Storage 


Collector-to-Base Breakdown Voltage 
(Ic = 0.1 mA, Iz = 0) 


Collector-to-Emitter Saturation Voltage 
(Io's="0.5" Aj UIs ==  OURRA) 


CVionts Bi V2 16s F150 MA ee ee ee ae 


Output Capacitance (Vcs = 30 V, In = 0, 
f = 1 Mc/s) 
RF Power Output, Unneutralized Amplifier: 
Vcn = 28 V, Pir = 1 W, Re & Rt = 50 Q, 


Ese ROO RNC SS ssiccarece ee Shee tmceuncereemoneh eee 


Vcp = 28 V. Piz = 1 W, Re & Rt = 50 Q, 


£4 00M O/'S 4 ses Seoceted Ale ele Oe 


* For conditions given, minimum efficiency 
} For conditions given, minimum efficiency 


COLLECTOR-CUTOFF MICROAMPERES (Icgo) 


-lIOOO-LTYPE 40269 
4 COLLECTOR-TO-BASE VOLTS (Vcg)=~12.5 
EMITTER OPEN. 


TYPICAL COLLECTOR -CUTOFF 
CURRENT CHARACTERISTICS 
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-25 ie) 


TRANSISTOR 


Si n-p-n “overlay” epitaxial planar type used in ultra-high-reliability vhf- 
-uhf applications in space, military, and industrial communications equip- 
ment. Used in class A, B, and C amplifiers, frequency multipliers, or 
oscillators. This device is subjected to special preconditioning tests for se- 
lection in high-reliability, large-signal, and high-power applications. JEDEC 
TO-60, Outline No.20. Terminals: 1 - emitter, 2 - base, 3 - collector. 


POPC OO OTOH OOH eee EES EEO EEE DESO EEE EEE HESS ES ESEEESESESESOOEE SEES ORES 


TEP S Ree ee TOTES ESSE OSES SHEE SETS SEES EEHEEEEHEEESESSE SEES SEES EEEEEHESSESEEOES SEES SEED 


See eeeee ser eeseseesereresces 


CHARACTERISTICS (At case temperature — 25°C) 


POPP Oem ewer eee n eee esses esse eee sees E ESSE H Sess Eeeeeess 


POOR een eo eee ee eer eDneeeeeee Hees eee eee essseeeeeesssese 


OOOO e Om eee eee eee reee eee eee eeee sees eeEeeeeeseeseses 


OTR S OREO OHHH EE ESO OE OTOH EEO EEESEEE OHSS SEED EEEESEHESEESEEEEEEEEEEEE EES 


Vczso 
Vcrv 
Vcro 
VEBO 
Ic 


Pr 
Pr 


Ts (opr) 


Tste 
Te 


VceR)cBO 


Ver) CEO 
VBR) CEV 
V (BR) EBO 


Vcr (sat) 
Icro 


hre 


Cobo 


Por 
Por 


65 per cent. 
40 per cent. 


25 50 
FREE-AIR TEMPERATURE (TFa)—°C 
92CS-10885T2 


ea Gy os 


65 V 
65 V 
40 V 
4 V 
1.5 A 
11.6 Ww 
See curve page 112 
—65 to 200 £¢ 
—65 to 200 EC 
230 2C 
65 min 
40 min 
65 min 
4min 
1 max 
0.1 max Mb 
10 min 
10 max pF 
7.5* min WwW 
37 min W 
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TRANSISTOR 40280 


Si n-p-n “overlay” epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in industrial and mili- 
tary communications equipment. JEDEC TO-39, Outline No.12. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Cotlecter-to-Base Voltage © ...............cckccsesssecssccssocssvescsnodececebvnes Vcso 36 V 
Collector-to-Emitter Voltage: 

Wi tena NII Mere. oko cask oboe es cose can oucadeisdcccdsovessccssesQuscesbebeMeidoose VcEv 36 Vv 

ah ea NMED REAM MRE Re cay a. a is ansnscewstesensesecdssdeacdesseasevsaossessécececessacéod VcEO 18 Vv 
Emitter-to-Base Voltage oo......ccccc..cccccccsscscssssssssssssscscsscesssscoeses VEBO 4 Vv 
CSOIUELE VOT, (COPTER 0 As yrs hs ei ae a Se Ic . 0.5 A 
Transistor Dissipation: 

SIC MEAD MEU OO Crosses eoec cs ovadesosekccdiguesarsvesicocseocetactecsdee. Sate a oss Pr 7 W 

BUMMER IR CUVEE On Feo ees scs see ccocce cceceseccooedeeedesscebsscedadsadsieiasssceseatsease Pr See curve page 112 
Temperature Range: 

GS ALT Ye 2 Cas ¢ 0 Se er 2 rT Ts (opr) —65 to 200 2c 

SUOERES ys eosscostetn PARSE ae oe TstG —65 to 200 °C 
Lead-Soldering Temperature (10 S MAX)  oiecccccessseeees Tu 230* SC 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage ’ 
MOEN Ae Re). can ncceecvarnccctcotteslocsactccsecestelivonsStosec VBR)CBO 36 min Vv 
Collector-to-Emitter Breakdown Voltage 
(Ic = 200 mA, Iz = 0, pulsed through 


Peer TNT, OL. SOG) sessecescus ereveaseeds VBR) CEV 36 min V 
Emitter-to-Base Breakdown Voltage : 
AGRO TP TID ANS 1G a Oeics cv coeccess dooce toss cogenewet.tondcndesace ieee V(BR)EBO 4 min V 


Collector-to-Emitter Sustaining Voltage 
(Ic = 200 mA, Is = 0, pulsed through 


mrereror fa) 25° MH, GE = 50%). chesuscvecadevecieotets Vcro (sus) 18 min V 
Collector-Cutoff Current (Vce = 15 V, Ip = 0) ou... Icro 100 max LA 
Gain-Bandwidth Product (Vcr = 13.5 V, Ic = 100 mA) fr 550 Mc/s 
Output Capacitance (Vcs = 13.5 V, Im = 0, 

Sa MEMES BB he 0552603 Scvacocesoutcctnwsbordscoscdeties vacnsoeccal teeta eeeke Cobo 15 max pF 
Input Resistance, Real Part 
(Vent oa) V, 1c —"t00"mA; fo —"175 Me/s)  .c02.... Re (hie) 10 Q 


Power Output, Class C Amplifier, Unneutralized 
(vere—sio.0 Ve rin — 0.125 W, f= 175°Mc/s, 
ke co ito URY @ Beet et tao Ree ne EER aac tat eat Por 1+ min 
Thermal Resistance, Junction-to-Case oo....eccececccssccessscees @s-c 25 max °C/W 


*For types 40281 and 40282 this value is maximum Pin-Soldering Temperature. 
7 For conditions given, minimum efficiency = 60 per cent. 


TYPICAL RF POWER-OUTPUT CHARACTERISTIC 


TYPE 40280 
3.5} COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS 
(VcE) =13.5 
3FCASE TEMPERATURE (Tc)= 25°C 
FREQUENCY (f)=175 Mc/s 


TYPICAL GAIN-BANOWIDTH PRODUCT 


TYPE 40280 
700| COLLECTOR-TO-EMITTER VOLTS (VcE)=13.5 
CASE TEMPERATURE (fc) = 25°C 


300 


RF POWER OUTPUT (PoyuT)-WATTS 
GAIN-BANDWIOTH PRODUCT (fr) —Mc/s 


200 
0.5 e) 25 50 75 100 =«125.~—«150 
Otol 02 03 04 05 O06 
COLLECTOR MILLIAMPERES (I 
RF POWER INPUT (Piy)—WATTS | EG) | See 


TRANSISTOR 40281 


Si n-p-n “overlay” epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in industrial and mili- 
tary communications equipment. JEDEC TO-60, Outline No.20. Terminals: 
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1 - emitter and case, 2 - base, 3 - collector. This type is identical with type 


40280 except for the following items: 
MAXIMUM RATINGS 


GoblectOr | CULrent. 7s c.c.cecevacdeaisanccetecsstudinese Macteds Mavesvougsbdede we acdasann Ic 1 A 
Transistor Dissipation: 

TEMUD A TOK ZENG «sececlivesiddccdivaucsesesotecoxstuvecae dps: tabde ae comtonges Pr 11.6 WwW 
CHARACTERISTICS (At case temperature = 25°C) 

Gain-Bandwidth Product (Vcr = 13.5 V, Ic = 400 mA) fr 400 Mc/s 
Output Capacitance (Vcs = 13.5 V, In = 0, 

FRET IVI CS Viera ete oer ache easonssaoes eae cae seeders os detacnctes asaosaa sues Cobo 22 max pF 
Collector-to-Case Capacitance o.......sccccccccesscccccescsscsessneceeess Ce 5 max pF 
Input Resistance, Real Part (Vcr = 13.5 V, 

Lov 4008 Aji ee BTS MG /Siitirectcsecerestersccecnchommeccsaeceets Re (hie) 7 Q 
Power Output, Class C Amplifier, Unneutralized 

(Ven = 13.5 V;\ Pin’ = 1 Wt = 175. Mc/s, . 

RG Oe pe) 05 C2) to. rei roo esccavee secnevsssttescssonseretestesceserte Por 4+ min WwW 
Thermal Resistance, Junction-to-Case  ...........cceeeeeeseeeeeeee Qs-c 15 max °C/W 
+ For conditions given, minimum efficiency = 70 per cent. 


TYPICAL RF POWER-OUTPUT 
CHARACTERISTICS 


TYPE 40281 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
25}+COLLECTOR-TO-EMITTER VOLTS 
(Voce) = 13.5 


uw 
o 


TYPICAL RF POWER-OUTPUT 


CHARACTERISTICS 


TYPE 40281 

30 | COMMON-EMITTER CIRCUIT, BASE INPUT. 
©F COLLECTOR-TO-EMITTER VOLTS (Vog)=13.5 

CASE TEMPERATURE (Tc)=25°C 


ow 
ua 


CASE TEMPERATURE (Tc)= 25°C 
20; FREQUENCY (f)=175 Mc/s 


RF POWER OUTPUT (PouT)—WATTS 
o 


RF POWER INPUT (Piy)— WATTS 


92CS-12888T 


TRANSISTOR 


40282 


25 FREQUENCY (f)=50 Mc/s 


15 
10 
5 
fe) 0.5 15 2 
RF POWER INPUT (Piy) —WATTS 
92CS-12889T 


Si n-p-n “overlay” epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in industrial and mili- 
tary communications equipment. JEDEC TO-60, Outline No.20. Terminals: 
1 - emitter and case, 2 - base, 3 - collector. This type is identical with type 


40280 except for the following items: 
MAXIMUM RATINGS 


Collector: CULLEN Ere ce creer eae teaa tactee ete Traas Tl seoneseocetioeoneeees Ic 2 A 
Transistor Dissipation: 
eg vada Sl tigi 43 ina: pa ONL cae cer fe ert taey reer rere on) Leen reer Pr 23.2 Ww 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage 

CLS OLS A eth ie =O ISSR conc patos vex tes ctabsaeatecbsesectovey V(jeR)cBO 36 min V 
Emitter-to-Base Breakdown Voltage 

GT My YEA Se D0) cecncct seh satteccatcess tatoos cacetcces ctesestouces VBR) EBO 4 min V 
Collector-Cutoff Current (Vcr = 15 V, In = 0) ............ Icro 250 max LA 
Gain-Bandwidth Product (Vcr = 13.5 V, Ic = 800 mA) fr 350 Mc/s 
Gutput Capacitance (Vcs = 13.5 V, lz = 0, 

feet LIVES Savane tecety ie ca ee chew acdaenectescacavonseseshectvaakaceudeoces cette ance Cobo 45 max pF 
Collector-to-Case Capacitance o.....cccscscccnceeseeeeeseesseseeees c 5 max pF 
Input Resistance, Real Part (Vce = 13.5 V, 

Ic = 800 mA, f = 175 Mc/s) Mabe dsshstccvdse’dusde¥acheccodsetaccuceween Re (hie) 5 
Power Output, Class C Amplifier, Unneutralized 

(Vcr = 13.5 V, Piz = 4 W, f = 175 Mc/s, 

FG 6e GRR aps oe OOD Be cen es kos cscesecagctecateas «cada zgeveePeccocioeneecstkeanead fa Por 127 min WwW 
Thermal Resistance, Junction-to-Case oui... cseesseeeeee Q@s-c 7.5 max is igs" 
+ For conditions given, minimum efficiency = 80 per cent. 
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COMPUTER TRANSISTOR 40283 


Si n-p-n double-diffused epitaxial planar type used in core-driver and line- 
driver service in high-performance computers and in other critical appli- 
cations requiring considerable output power. JEDEC TO-46, Outline No.16. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is identical 
with type 2N3512 except for the following items: | 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage o......cccccccccccccccssssscscsssssecsessecsenes VcEo 30 Vv 
. Transistor Dissipation: 
Pape MERA WIMMER TeD Ces oat co soe out vtssvincaeanasscesussonsasecsweaneaeusceccsseus ws Pr 0.4 WwW 
eau toler Owith: heat sink) :.£2a8s:..6006.2 Re Pr 2 WwW 
Ta and Tc (with heat sink) above 25°C ......u... Pr See curve page 112 
CHARACTERISTICS 3 
Collector-to-Emitter Breakdown Voltage 
ees D0 tO) ces dp cernnvnncents ssn enaubeaesgn sncdbnnpiscedenccruse V.BR)CEO 30 min V 


TRANSISTOR 40290 


Si n-p-n “overlay” epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in aircraft, military, 
and industrial communications equipment. JEDEC TO-39, Outline No.12. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 
ae Voltage: 


So ies REBUN cco ccoigsewcccaseoseuts eel senavastectecorncse tere oie Vcrv 50 V 

SA eM IVE Sse on vas cess asceveeswaaseesenuisdease se coededcetesecuncdsssresescdanses Vces (RF) 90 V 
PERIEELSE=tO— EASE) AVOLLAZE ........:csesceccoccevsocossovecescdenahlsccssdebsscocceeds VEBO 4 Vv 
RE Ree AMAT LTA ca Su Aivenacasiocesodiovscesaesoaselantcemecseutas cetbexe Ic 0.5 A 
Transistor Dissipation: 

PNRM Ey Ae et Se ooo a ak snk es Sows den Sle vosrneronineinowwnsnaveiboata ted Pr 7 WwW 

PN Nn tO onan onard ccps SucvoadeaUpsdeeoascaGenassbasnsstcsdvncfSits Pr See curve page 112 
Temperature Range: 

TMM POM RTINCULOIT ) 5. cdecsidsinnsseconasaposorapnacscacsavivaccdieseencesoeeas Ts (opr) —65 to 200 °C 

NMR NM iatirts cate nes ac tics 10S, st cetu dios cea dace celbevacabusdh eons Woessecie TstcG —65 to 200 °C 
Lead-Soldering Temperature (10 S Max) ou... cceeeeees Tx 230* °C 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ic = 200 mA, Vue = —1.5 V, Raz = 39 Q, 

pulsed through inductor L = 25 mH, 
Cor | SUE Be a SREY a otis oa Ren ane ce ae ae V(BR)CEV 60 min V 

eee 2 Be = 05" £2 100 M/S. ..00..0....00ceseeess cb Vsr)ces (RF) 90 min V 
Emitter-to-Base Breakdown Voltage 

EPIC TANS SE 50) ) lac. sss crove ckaehecesess sselvacsncaeececetheedeicees VBR) EBO 4min V 
Collector-Cutoff Current (Vcr = 15 V, In = 0) ou. Icro 100 max pA 
Gain-Bandwidth Product (Vcr = 12.5 V, Ic = 100 mA) fr 500 Mc/s 
Output Capacitance (Vcsp = 12.5 V, In = 0, 

Nem LRE SN sl ees Ueysors yeas wtacacoceraateleos cok Sethe stacevssacopessytasdaeaooned Covo 17 max pF 
Input Resistance, Real Part 

(Vewns—si2:o0 Vi, lc = 100 mA; ef) =. 135° Me/s) ...2L8 Re (hie) 12 Q 
Power Output, Class C Amplifier, Unneutralized 

(Ven = 12.5 V, Piz = 0.5 W, f = 135 Mc/s, 

Trey esta, S053 Coll @ ) Der copes penis Se ae ids 9a Ae Re eo Por 2+ min WwW 
Thermal Resistance, Junction-to-Case ........c.ccccccceesseeeeees Os-c 25 max °C/W 


*For type 40291 this value is maximum Pin-Soldering Temperature. 
{ For conditions given, minimum efficiency = 70 per cent. 


TRANSISTOR 40291 


Si n-p-n “overlay” epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in aircraft, military, 
and industrial communications equipment. JEDEC TO-60, Outline No.20. 
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Terminals: 1 - emitter, 2 - base, 3 - collector. This type is identical with 
type 40290 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation (Tc up to 25°C) oe eeeeeeeeeee Pr 11.6 WwW 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Case Capacitance ou... c.ceescccsesssrecsesseseceesseees Ce 6 max i pF 
Thermal Resistance, Junction-to-Case .........c.ceeescceeeseeees Qs-c 15 max C/W 


40292 TRANSISTOR 


Si n-p-n “overlay” epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in aircraft, military, 
and industrial communications equipment. JEDEC TO-60, Outline No.20. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 


Veni eb aW  eees g eseredsiseatfoas Locctes eR Vcrv 50 V 

fl OORPIVIC/ Sip cs cccstreecoccccesoeeoceectotiateres sent Vcrs (RF) 90 V 
Emitter-to=Base t Voltage esse ree tie cic ec Mes casectecseetiecisiihteen VEBO 4 V 
Collector TCuLrrents: 20 eee ee See Ic 25 A 
Transistor Dissipation: 

RCO WD | Oe Ko ch AS al OF uot ph ea ett ie Reis ano Rich ens “vent Pr Doe WwW 

LE CrtADOVEER2O: CEs ete, Nae esastct soso een Pr ‘See curve page 112 
Temperature Range: 

Operating JC JUNnCtlOn) es. <.ceeecear on cocenonckeseerensee Semen Ts (opr) —65 to 200 SC 

SUOTAS eS Siti iccteeeeec ccetere eiee cee eele ota ee eee TstG —65 to 200 nC 
Pin-Soldering Temperature (10 S MAX) ooo... seeeeeees Tp 230 “16: 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Voltage: 

Ic = 200 mA, Vaz = —1.5 V, Ree = 39 Q, 

pulsed through inductor L = 25 mH, , 
C2 A eens erence re tora SEO eee ee ee ee V(BR)CEV 60 min V 

toe— OnmMASVnne—. 0. £ —sl 00 MIMIC /Smeee eee Vosrces(RF) 90min V 
Emitter-to-Base Breakdown Voltage 

Clint 0-25 ny A Tae 0 a rete ccor ete eet cet rere tomer aint VBR) EBO 4min Vv 
Collector-Cutoff Current (Vcm = 15 V, In = 0) ou... Icko 250 max A 
Gain-Bandwidth Product (Vcr = 12.5 V, Ic = 400 mA) fr 300 Mc/s 
Collector-to-Case Capacitance 2.....ccccccccscsccccsssssccesccssccceseeece Ce 6 max pF 
Output Capacitance (Vcsp = 12.5 V, In — 0, 

Be SAP TT MG/S) etathoxipenscdoanccscogs seeecet meet cnten. sousaces teens Ao eae ae Cobo 30 max pF 
Input Resistance, Real Part (Vcm = 12.5 V, 

1og=.400 MAS £52135 )MC/s)iitak bd ee Re (hie) 6.5 Q 
Power Output, Class C Amplifier, Unneutralized 

(Ven = 12.5: V, Pin’= 2 W, f'=-1385 Me/s, 

Beads: FREE 50.0.0) 6 se ae, Se ee on Por 67 min WwW 
Thermal Resistance, Junction-to-Case ........cccccscseccesececeeeee Qs-c 7.5 max °C/W 


{} For conditions given, minimum efficiency = 70 per cent. 


40294 TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used in uhf amplifier, mixer, 
and oscillator applications. This type is electrically and mechanically iden- 
tical with type 2N2857, but is specially controlled, processed, and tested for 
critical aerospace and military applications. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - case. 


40295 TRANSISTOR 


Si n-p-n double-diffused epitaxial planar type used in uhf amplifier, mixer, 
and oscillator applications. This type is electrically and mechanically iden- 
tical with type 2N2708, but is specially controlled, processed, and tested for 


+ 
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critical aerospace and military applications. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - case. 


TRANSISTOR 40296 


Si n-p-n double-diffused epitaxial planar type used in uhf amplifier, mixer, 
and oscillator applications. This type is electrically and mechanically iden- 
tical with type 2N2857, but is specially controlled, processed, and tested for 
critical aerospace and military applications. J EDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - case. 


TRANSISTOR ~ 40305 


Si n-p-n “overlay” epitaxial planar type subjected to special preconditioning 
tests for high-reliability, large-signal, high-power vhf-uhf applications in 
class A, B, and C amplifier, frequency-multiplier, and oscillator circuits in 
aerospace, “industrial and military equipment. JEDEC TO-39, Outline No.12. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


PGPPCUOTEEDR=ESOSE VOILARE x... ..ccssnsccenscnsdvecseesscescacccsesesecpioosencosdes Vczo 65 V 
Collector-to-Emitter Voltage: 

AAEM CPV A. Ga use rac occa oecl Sosadevsdncdeancact beccecJebteetsad ode eben Vcrv 65 V 

NEO RL ee oso 36 2 ob a snot <a ps sel dg dass eos Savalas aul fas avon dnbAddboes iahawbede Vcro _ 40 Vv 
BAIL OT 102 OSE. VOLLAGC <...0-..ccvscoseessneossorsivargnnsecrsesonssaceoessssnecs VrEBO 4 Vv 
ONE ABE VON oe ceo. oo. ctocucctivdcestel is cccdeose nusdesMicesdedeadccs tosdeccwace Ic 1 A 
Transistor Dissipation : 7 

PRE Rh Mons docs wa shes puneds 7 Nonpnciieaseddenciied desppichvoniooieescesden Pr 7 WwW 

Se RAMI EME eB Ogos onc nasa eevure is sence bcuckccscnnciben tarp ccovcuvoccsatbassbetese Pr See curve page 112 
Temperature Range: 

NOTE LUT CCILON oo occeese ccs ca vsnvncnccdacess <agenndee2ecocsasassevcouse’ Ts (opr) —65 to 200 °C 

Storage _............... Sr Ota ceca eee echt od Tas odsasivadechicmaeawe nc ciuaie TstG —65 to 200 if 
Lead-Soldering Temperature (10 s max) ou... a; 230* Co 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage 

SGN IEIAA LEE 5O) ccc cccusvsecsseccoccceeecbelestcccdeN cassia ceessusie VBR) CBO 65 min V 
Collector-to-Emitter Breakdown Voltage: 

Ic = 0 to 200 mA, Is = 0, pulsed through 


eer, is ei 2o Mt, Of = 50% sea V.(eR)CEO 40 min Vv 
Ic = 0 to 200 mA, , Vaz = ahah 5 Vv, pulsed , 
through inductor ise——weor ME, Of ==" 5095 5-0 V(BR)CEV 65 min V 
Emitter-to-Base Breakdown Voltage : 
RNase RS IVAN eta) ae coop osvnass lace oe sdacebicee stb doidacidecenenecass VBR) EBO 4min V 
Collector-to-Emitter Saturation Voltage 
eee coU MERE es SO AS) ec iui wiisaccnct ene sdecesnses Vcr(sat) 1 max V 
Collector-Cutoff Current (Vcr = 30 V, In = 0) we. Icro 0.1 max LA 
Static Forward-Current Transfer Ratio : 
CN eee ene ORO a Oe TVA’) ck eve cdow Saal ethadeasy eo ucecaedeceshesotatee’ hre 10 min 
Output Capacitance (Vcs = 30 V, Iz = 0, 
SMD TIE Ne Be eke soc cocks eed cus sv'ets6cSbeh dacddesnsdoueavicsed@conbiteaeisuee Cobo 10 max pF 
RF Power ae ge acre ae Unneutralized: 
(Vcr = 28 V, Piz = 0.25 W, f = 175 Mc/s, } 
aM Meee ND Poe. oF. id vnc Notacavnasosackcewans ovabusnghowwabre suns Por 2.5f min Ww 


*For type 40306 this value is maximum Pin-Soldering Temperature. 
¥ For conditions given, minimum efficiency — 50 per cent. 


TRANSISTOR 40306 


Si n-p-n “overlay” epitaxial planar type subjected to special preconditioning 
tests for ‘high-reliability, large-signal, high-power vhf-uhf applications in 
class A, B, and C amplifier, frequency-multiplier, and oscillator circuits in 
aerospace, industrial and military equipment. JEDEC TO-60, Outline No.20. 
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Terminals: 1 - emitter and case, 2 - base, 3 - collector. This type is identical 


with type 40305 except for the following items: 


MAXIMUM RATINGS 


COlleCtOrs Cumbre tye ce eiscc tec cch tec sedeoestececctase ave succdecescccececete seesceese Ic 
Transistor Dissipation: 
d Wed go} opie ar7+7n O) Pera te Renee MR renee en Aas Sods aa ee eB Pr 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage 


(TerSs0TL AA Te" 0) geek... da ie eter tires. cotter eee V(BR)CBO 
Collector-to-Emitter Saturation Voltage 
(ew =s500 AS Ter TOO RRA) See centers tesees cc cccseaceecsectcetees Vcr (sat) 
RF Power Output, Amplifier, Unneutralized: 
Vce = 28 V, Pir = 1 W, f = 100 Mc/s, 
Layer Ooh g BU: aeeahds tne @ Pe eee perrreree e ern Beyer Ad rey, Por 
Vcr = 28 V, Pir = 1 W, f = 400 Mc/s, 
GS. Or 2 Sa ORO) ce scucts, Souatd snos ce aee voce se eneaer este naan Por 
* For conditions given, minimum efficiency = 65 per cent. 
¥ For conditions given, minimum efficiency = 40 per cent. 
40307 TRANSISTOR 


1.5 
11.6 


65 min 
1 max 
7.5% min 


37 min 


> 


< 


as 


Si n-p-n “overlay” epitaxial planar type subjected to special preconditioning 
tests for high-reliability, large-signal, high-power vhf-uhf applications in 
class A, B, and C amplifier, frequency-multiplier, and oscillator circuits in 
aerospace, industrial and military equipment. JEDEC TO-60, Outline No.20. 


Terminals: 1 - emitter and case, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector=to=Basew V OTA SO ci ticctecetteccctetne ee eeeeeet tree eacreertttee Vcso 
Collector- to-Emitter Voltage: 

Ve og Ve ook ova ccs tn eretea ti Os Ie Te RO Te SS Vcrv 

SAS GRO DGTN ie cetre steerer nce ores roties eoce ccs Sore cennece en cook ree nae VcrEo 
Emitter-to-Base Voltage o.........cccccccsssssecccceecceeeeeees Po eee VEBO 
COllectOEMCuUr»rent: Pee rrer tcc eater eee ant teies Ic 
Transistor Dissipation: ; 

FL CPA BLO 2a Cay ere ne ao eee ee een Rn een Pr 

ECR ADOV GNI 2D Crete rv chert caste Te reo tomes Pr 
Temperature Range: 

Operatings CO UNCON i eres reset eeetes shee rere ceesneee Ts (opr) 

SS ICG) if Vl ane ORE eR te Bria oR ie ne yn Bt ee SE ee TstTeG 
Pin-Soldering Temperature (10 S MAX) 2.0... cee ceeeeeeeeee Te 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Base Breakdown Voltage 


(LG Fr Ase Tn 0) ose ccccncoter cconiceahes vc cee eee VR) cBo 
Collector-to-Emitter Breakdown Voltage: 
Ic = 0 to 200 mA, Is = 0, pulsed through 
inductor L = 25 mH, i= 50 wee res VBR) CEO 
Ic = 0 to 200 mA, Vzgse = —1.5 V, pulsed 
through inductor eos mH, Cie 50 oom VBR) CEV 
Emitter-to-Base Breakdown “Voltage 
(Tei 10-25) mA, oes 0) Geese a ees eo ee V (BR) EBO 
Collector- to-Emitter Saturation Voltage 
(Tot=3500* mA; else 6100), MA) ee Se eee eee Vcr (sat) 
Collestor= CutofiiCurrents (Vieni 50) Vines sO) sere Icro 
Static Forward-Current Transfer Ratio 
(Vier=s 56 Vi slot" 200A) 5.5. oreo kvccceccoscocevtss deere hre 
Output Capacitance (Vcs = 30 V, Ir = 0, 
f = 1 Mc/s) 210.010. 0.0'9,n)6 016 0,€000 9005000016000 5600 Bees neecseceseveuesecscseccccesaceccessesces Cobo 
RF Power Output, Amplifier, Unneutralized: 
(Vcr = 28 V, Piz = 0.35 W, f = 175 Mc/s, 
Rep & gRra 2 5060) die te ae ee eos, | 8s Sw ee Por 


+ For conditions given, minimum efficiency = 70 per cent. 


65 \ 

65 V 

40 V 

4 V 

3 A 

23 Ww 

See curve page 112 

—65 to 200 we 

—65 to 200 we: 

230 te 

65 min V 

40 min V 

65 min Vv 

4 min V 

1 max V 

0.25 max pA 
10 min 

20 max pF 
13.57 min 


ee, ee 


= a oe eh 
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POWER TRANSISTOR 40309 


Si n-p-n type used in audio-amplifier driver stages for economical high- 
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage ERE ered ea Al VcKo (sus) 18 V 
PATITLECT =CO =ESASC VOILA BE occ. .cccccceoccecusenscooesAececccscvsdivevevsnacassecece VEBO 7afe8 V 
BE ONE CEO ToS UIT TOT Gries oat eons 02k os 0 Saas Sos cons vosscssvbscesasecesonsoodteugecegaue Ic 0.7 A 
SAS Cen UENCE Glee ih ca eik cases Fas eSos cod coe Ree cases diets fosessveesevscescseseocscceoucseaes In 0.2 A 
Transistor Dissipation : 
ATV UNS. HO) ASIA CE sy AE 1 eR A Pr 1 WwW 
PECL MUO cre ois ccescsievsesckecccecisecetieee Pr 5 WwW 
Ta and Tc above 25°C Pr See curve page 112 


Temperature Range: 
NGC ACUI aM ULTIC CIOTL) nc) 5 .cncececacscssccesce hacen ncctonsdacesulascecsdteecsere Ts (opr) —65 to 200 c 


CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage 


Q 


Gos 100 rar A, Ine 0, tp =-300 ips; df 2%). isccessccce VBR) CEO 18 min V 
Base-to-Emitter Voltage (Vcz = 4 V, Ic = 50 mA) ..... VBE 1 max V 
Collector-Cutoff Current: 

Vice wl eV celery ee OC IO Cr Riis ioscsedeccabesdeasbonsessosers Icgo 0.25 max. uA 

WETS, Ss 11S) WG oe ea Ra yg ieee U4 | ha ogee aR en IcsBo 1 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) uu... Izzo 1 max mA. 
Static Forward-Current Transfer Ratio 

MNase AN et OE er OA TIWAL) orc oes sc ccicocaccuechcesCceeecoaesescesscacoraccea hrs 70 to 350 
Gain-Bandwidth Product (Vcze = 10 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case iu......eececcccccceseeeeesees @s-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient  ..........c.cccccceee Os-A 175 max °C/W 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 40309 
FREE-AIR ‘hence 


600 


400 


COLLECTOR MILLIAMPERES (Ic) 
COLLECTOR MILLIAMPERES (Ic) 


0.7, O25) 04> (O62t O8L2 1Ot: earls 
BASE-TO-EMITTER VOLTS (VpF) 


ie} 2 4 6 8 10 12 14 92CS-12328T 
COLLECTOR-TO-EMMITER VOLTS (Veg) 
POWER TRANSISTOR 40310 


Si n-p-n type used in audio-amplifier driver stages for economical high- 
anatee performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage oo... ceeeee Vcero (sus) 35 V 
PTE ee eLORKISASE ~VOLAZC - disciisscccedcdsecsocsseasssccssccacneseeddchaccvccesvecee VEBO PAs Vv 
RO OU POC LIED OM Gioia ssosso-ceccocenesssSenacessvecseiceesccsssestasacecstevseccecdvecs Ic ; 4 A 
Beat Ae ede EEGs cele sede ode ais Uaeaa scdbiceeehvodhnciandveccddvassiccste Iz 2 A 
Transistor Dissipation: : 
abe OGG) \eu), (ag GRE AA cen ee Pr 29 W 
PO ME MN NAS, 53,5 68 cn veo dscch Svapipaveenadanécesbagehsorsocoveraasdevcediesuésese Pr See curve page 112 


Temperature Range: 
SEL ApUTr Ree (aU CELON ) > <..cccascciscezsescccctssosGooovccecdicuchedascvoeceieenes Tz (opr) —65 to 200 ce 
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CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage 


(Lene s1 OOF AS STs 0) ee ee ce ee eee VBR) CEO 35 min V 
Base-to-Emitter Voltage (Vcr = 2 V, Ic = 1 A) ......... VBE 1.4 max Vv 
Collector-Cutoff Current: 

Vier N15 Vet lee OF Teva (255 Gra ea eet eee Icgo 10 max LA 

Vere bevel OF Ler 50°C 8 a ee en Icgzo 5 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) ua... Izzo 5 max mA 
Static Forward-Current Transfer Ratio 

CN cana ZV Fr Lad A i a bes comet ast, ure: anaes ees hrr ‘ 20 to 120 
Gain-Bandwidth Product (Vcr = 4 V, Ic = 500 mA) fr 750 ke/s 
Thermal Resistance, Junction-to-Case ............ccccccccssseececeeee Os-c 6 max °C/W 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 40310 
COLLECTOR-EMITTER VOLTS (VcE)=4 


TYPE 40310 
CASE TEMPERATURE (Tc)=25°C 


COLLECTOR AMPERES (Ic) 
a 
COLLECTOR AMPERES (Ic) 


fe) 10M 520 at S040 50 160" 270 o O05 | 1S 2 25 
COLLECTOR-TO-EMITTER VOLTS (Vce) BASE-TO-EMITTER VOLTS (VBE) 
92CS-13004T Pe ara 
40311 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier driver stages for economical high- 
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. 


MAXIMUM RATINGS 


. Collector-to-Emitter Sustaining Voltage ...........ccccescseeeees Vcro (sus) 30 V 
Emitter=to-Base VOMALS eerie ciclocescccecosscctdecocseccccouvacc ceuotetes VEBO 2.5 Vv 
Collector Current ...... pos geshsecstcsectshs osaccpetecssyonds Mims eeaacs mat eRaice ee Ic 0.7 A 
RASC CULT ONT eaicte erteiccrsssasoeeetee torccs cuir eee ee ccc een eee Is 0.2 A 
Transistor Dissipation: 

Api bi a iS Coy A iad Berle RN OE a Re, We iy Oe Oe ORL Pr 1 WwW 

LOS ED) SOS CVG. weutecless eta ae tert eee Pr 5 Ww 

Las ANOLE ADOV EP cad Cee Cate ccccaccrecsnoteliceecicn uc toms bees civeweay Pr See curve page 112 
Temperature Range: 

Operating | (FUmetiOns jo cc eee llcdcccsesetecs -ckasceessovscnccetnacce eee Ts (opr) —65 to 200 AG 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 
re {lo = .100 "mAs Is 10.) tp '= 1300 Tus) sd bi 29) feseossacse Vcro (sus) 30 min V 
Base-to-Emitter Voltage (Vcz = 4 V, Ic = 50 mA) ..... VBE 1 max V 
Collector-Cutoff Current: 

V Gass 150 Ve eae Or ee 25 Ce en ee ee OF Icso 0.25 max uA 

Men AS. Meh mse Ol pees 150° CY ead te SS. Icso 1 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) ou... InBo 1 max mA 
Static Forward-Current Transfer Ratio 

(Vcr see SV SP Gye Oi A) ae et 8s a eat Sm ee hrer 70 to 350 
Gain-Bandwidth Product (Vcm = 10 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case ....ccccccccscccssscessseeseee Os-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient .........ccccccceeees Os-Aa 175 max °C/W 

40312 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier output stages for economical high- 
quality performance. Designed to assure freedom from second breakdown in 
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the Beetwtine > region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage 


PE MPe NMR Pl fu cs sie iv cas Rei des iissuc enact deccccdecsceasescuuctbeveuss Vcrr (sus) 60 Vv 
Emitter- to-Base Voltage .... Vcso 2.5 V 
Collector, Current :....:<0.02006.. Ic 4 A 
a RERUN ists soca bic oosmuh cates vodevvacdafeoatacecees dates oamobinehcsectonce In 2 A 
Transistor Dissipation: 

Re MMT BE Pcs visa oehawonsiesteouk cabins dacavaédvaadkvctotvvssentacesteeberwecied Pr 29 W 

EMDR ES A eg inci isn sizcsvis dn apningatudenidssevoddvousbs eaten Dione Pr See curve page 112 
Temperature Range: 

Ree INNIS ERIC UIOT) ) 5... occnsaconcl cocccccoeckosceanccdneuceachcesecocets Ts (opr) —65 to 200 c€ 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Sustaining Voltage 

(eee 100-1 A; > Rep == “500° O). oncescdccecshiclecdecescescsscdelccccs Vcrr (sus) 60 min V 
Base-to-Emitter Voltage (Viens 20 Vinle— LIA) eeccks VBE 1.4 max Vv 
Collector-Cutoff Current: 

Wire lye Vie —— 40220 GO O52 Cie Salen: dactealocbes al osdsasdechseceee Iczo 10 max pA 

Naren ee OP Oo TG B50 Ce ocscscdicacessescscevecchesscossese Iczo 5 max mA 
Emitter-Cutoff Current CV Ee 2 Sk V ale: = 10) Shevcces IzBo 5 max mA 
Static Forward-Current Transfer Ratio 

Weer fe Reise DA pire tcisagenennadunghs Sidssscacecaladecaiesesasoros hre 20 to 120 
Gain-Bandwidth Product (Vce = 4 V, Ic = 500 mA) fr 750 kc/s 
Thermal Resistance, Junction- ee oot ne Rie at are Qi-c 6 max °C/W 


ee CC IERIS TICS TYPICAL TRANSFER CHARACTERISTICS 


3.0 3 
TYPE 40312 TYPE 40312 

 __|CASE TEMPERATURE (Tc) = 25°C COLLECTOR-EMITTER VOLTS (VcE)=4 
| a : | 

n n 

or 2 w 

uJ uJ 

$ a 

= I. z 

a a 

e e 

oO fl oO 

WJ WwW 

= =| 

=! zy 

Es) os 8 

: ——— 
ae 
fe) —s 20304 405 506 ed 70 OO Sia kt [Sis ¥2 ae2S 
COLLECTOR-TO-EMITTER VOLTS (VcE) BASE -TO-EMITTER VOLTS (VBE) 
92CS-I309IT 92CS-12325T 


Si n-p-n high-voltage type for direct 117-volt line operation in audio- 
amplifier output stages for economical high-quality performance. Designed 
to assure freedom from second breakdown in the operating region. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 


MAXIMUM RATINGS 


‘Collector-to-Emitter Sustaining Voltage 


Se ee UF ono ones vo BNIN Lats wuss ab aupulc do ooo ede ddcc ose biawcsbiwecbocane Vcer (sus) 300 Vv 
BITLOT LO =EsSe © VOILA GC ...5.cecdéc...ncesesesesicccensocesonsdevsvesscdecastcened VEBO 2.5 V 
SOLE OTE. CHESTS 0 Bie cee peer eye a # bonne Vp Oe a Ic 2 A 
EPEIS@:  CCUTESTETEL ALI lay Br Se PB relia 2 Al Is 1 A 
Transistor Dissipation: 

er Up eto, 25°C Pr 35 WwW 

Tc above 25°C Pr See Rating Chart 

IS coe aciGivaivesannahitavinnoss sncdevdeuscs Sastansdcsdviedsessieebaccd Pr 5 W 
Temperature Range: 

Re PP MIBIC LION ) i. sf conaenavnps anita en cdvviuabevesecssesiebacteie Ts (opr) —65 to 200 °C 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Sustaining Voltage 

pee eee RAS ERB = 500502)” 5h s.ckedecseccsecosceseoosencestantincs Vcer (sus) 300 min Vv 

Base-to-Emitter ‘Voltage (Vcz = 10 V, Ic = 0.1 A)... Vax 1.5 max Vv 
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CHARACTERISTICS (cont'd) 


Collector-Cutoff Current: 


Wit a OV Dosh ae Oa oes cts tact ccct avsnucastsaees sesemauaitcueosacogmmanete Icro 5 max mA 

Vem 3000, Viewsat — ia Vy = 25S Ca ikesecevesstevensvore Icry 10 max mA 

Venue S001) Vet S2-—1.5 V,) Te: == 150°C ink inc covsssaras Icry 10 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) ............. IrnBo 5 max mA 
Static Forward-Current Transfer Ratio: 

Vier ea ALOR V, GLer ol OO Vr Ae ee ear Ree elteccecemeseates hre 40 to 250 

Vien co lO Vie tie == 500 Hm Al. ei ccc hcece st ioosticeds ' hres 40 min 
Second-Breakdown Collector Current (Vcmr = 150 V) Is/b 150 min mA 
Thermal Resistance, Junction-to-Case  ...........eecesseseeeeeeeees Os-c 5 max °C/W 


RATING CHART TYPICAL COLLECTOR CHARACTERISTICS 


Fe ec 
2a Ae ee 
case rewpensrunettoerr | 


ol 
4] 


1000 


ou 
o 


- _ ~ nN 
°o i) (o) n 


a) 
COLLECTOR MILLIAMPERES (Ic) 


MAXIMUM TRANSISTOR DISSIPATION - WATTS 


O 25 50 °75 100 125 #150 175 


ce] 100 200 300 400 
COLLECTOR-TO-EMITTER VOLTS (Vcr) COLLECTOR-TO-EMITTER VOLTS (VcE) 
aaraat TL I745T 
40314 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier driver stages for economical high- 
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage  ............ eee VcEo (sus) 40 V 
Emitter=t0-Base PV O1TAE a tik tick eh ccceevsasvestoccasvosssteesiecosees VEBO 2.5 V 
CollectorsiCurrennty cet eis tec ee sri lnaconsacencccgvoncnsceskssenpeupsocncoactatees Ic 0.7 A 
PASC HC UTE OTA Gee, oon coscsiovssccaseeeaeeeslvochasesucsepesarsuseteuvsseessevedoeGNeRens Ip 0.2 A 
Transistor Dissipation: 
STAGE ATW LOM as Pot sche cseccsevcnacossoctedeceedsseas cadena, Cale goatee eee Pr 1 WwW 
LCL AUD eat One ee Om esctsercesecesesee Pr 5 WwW 
Ta and Tc above 25°C Pr See curve page 112 


Temperature Range: 


OPCHAELMS: © CIUMCEION 1. ccceesccocnteesss< bocce sesas co easeeeoaesaene teeta tees Tz (opr) —65 to 200 hte 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Sustaining Voltage “ 

(Ic = 100 mA, Is = 0, tp = 300 us, df = 2%) ........ Vcro (sus) 40 min V 
Collector-to-Emitter Saturation Voltage 
he Gn—el Sonim Age aa ari A eee cee. crsccsconendichereesees Vcr (sat) 1.4 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 50 mA) ..... VBE 1 max V 
Collector-Cutoff Current: 

BV Ge Ee ick JOM aide Pig Ont tole, socoecseane garknete sects Icso 0.25 max uA 

VCR aay Vi ea OF 1 Ones on Or aa. tects tecteetissacecceneneracs Icso 1 max mA 
Emitter-Cutoffé Current (WB ea Zt Vin OO )iueierasreess Izzo 1 max mA 
Static Forward-Current Transfer Ratio 

CV Gt AV og LG of, OO) TRA) noe sctowestiapSicancecuainoomeae totes hr 70 to 350 
Gain-Bandwidth Product (Vcz = 4 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case ........cccccccccsseceeeeees @s-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient .................0000 Os-a 175 max °C/W 

40315 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
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breakdown in the operating. region. J EDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage... cs Vcero (sus) 35 V 
Emitter-to-Base Voltage ou.....ccccccccsccscsssssscssctcccsesscccsessccecsenes VEBO 2.5 V 
Rem CNAME TEIICTUG Moet Gist sid. agsasthnsacccrcdosacccecstgrecaseaceesictedecesscchousecs Ic 0.7 A 
pepe RNIN MN ode a hee ee oe oor Iz 0.2 A 
Transistor Dissipation : 

PMN anh x Tris osios ncPlde a cuhidesgc evade caceneceedovlecedesceloncopcceeccoiseoces Pr 1 W 

ENUM NRRL vad ao occa dN. hn cs Shionvendsenebvecacdsotedeul epusesctsebentetabivucss Pr oy W 

ee eT EIB Ose, oss cp cavesesdaaene le decocecsstectbancsessovsegdosnes Pr See curve page 112 
Temperature Range: 

OF aero a vey 2-163 A ba Vem Voy 0 Nei alee es ann On a eR OR nS Ts (opr) —65 to 200 cc 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage . 

ie sueomA,: In — 0; te. 300 us, df = 2%).»...:i.. VBR) CEO 35 min V 
Base-to-Emitter Voltage Non = 4-V;,; Ilo = 50 mA) a3: Var 1 max V 
Collector-Cutoff Current: 

ree NRE OE 209 CO oo cisaceoedoneceovovecreseccoscncccec’ IcBo 0.25 max pA 

Grea ey eh wy) OS 5 OO Gy in boo. aug Factscseneedcwibvecaloacecd Icso 1 max mA 
Emitter-Cutoff Current CV ner 1VGnlCu 60) teen Izso 1 max mA 
Static Forward-Current Transfer Ratio 

MONG te ee 0! TA) 25 oeoak. a5 case cceasacdeonsoccceveracacuscactee hrs 70 to 350 
Gain-Bandwidth Product (Vcm = 10 V, Ic = 50.mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case oou..eeccicceecessseeesees Q@s-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient .........0........... Qs-a 175 max °C/W 

POWER TRANSISTOR 40316 


Si n-p-n type used in audio-amplifier output stages for economical high- 
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


(aren SSS . SUTUI TG Der at lee asaya le DPE et ia ieee ei pene Le eae ay Vcer(sus) ~ 40 V 
Pamtiiver=L0-Base Voltage 2.053: 28ic ee nee Verso 5 V 
REO CUO MM CCRIEMEINE | lc 8lvasacnsnsusatcceetso.sscetchcccoltocsvcsteeescooneeren eens Ic 4 A 
Base Current. ................ (iS EE patito: nh aye pant ane aeicnr ge p seinem Is 2 A 
Transistor Dissipation: 

SE ANCL PN Bono) wasascack occosecstoscocae Cone tirtovenchrerncsoncse eee Pr 29 WwW 

Se MERINO OSEAN COC Lice oe 8 2a 2a co enact ccactasi tees stectsotethes tonte oe etee Pr See curve page 112 
Temperature Range: 

MOP At M AS CDLITICLIOT) ) p25 cso, sennds osnsechoctoodvovecnvasiesénsctsocspadesesn ts Ts (opr) —65 to 200 <C 


CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 


(rep O0r mA Rv =) 500.) ais. ojecg een csootthbetscosessnoctecccodsos Vorr (sus) 40 min V 
Base-to-Emitter Voltage (Vcr = 2 V, Ic = 1 A) ......... VBE 1.4 max V 
Collector-Cutoff Current: 

SiGe Nan cr Oe PC Oy Cis isle oacstehescckdoceocseadactars IcBo 10 max uA 

Wich. ain |S gs er geaeaen Und WY piiteesodics G4 | ed Om tee tr Renn ie a SP Ico 5 max mA 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ......... InBo 5 max mA 
Static Forward-Current Transfer Ratio 

aU errand CN ANS) vos DOSS ae ba doce bocce absonnsve>.ncsetecoussecs hre 20 to 120 
Gain-Bandwidth Product (Vcr = 4 V, Ic = 500 mA) fr 750 kc/s 
Thermal Resistance, Junction-to-Case oocc.ecccccccceeeeeseeseeees @s-c 6 max °C/W 

POWER TRANSISTOR 40317 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
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breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage  ............c cesses Vcro (sus) 40 Vv 
Emitter-to-Base Voltage  .............ccccscccsscsssscssscsscesssseseccssssscesees VEBO 2.5 V 
Collectorg Curren tiers entice cccecetorectceceer tice ene Ic 0.7 A 
BaS@ar CULLEN hin Besse eirteseete ates casoes eaeernes season eicoo cnet In 0.2 A 
Transistor Dissipation: 

PLAN UD MOR FLD Cape caterer treet tet teases eee hcg Satase os can coeoecn bee cnehoesies Pr 1 WwW 

PL Caml D te COMO Gee colie en reco ree a ee eee Pr 5 WwW 

TPRGON CLOVADOVE® Col Mite ivcscteccsrnietete ee Pr See curve page 112 
Temperature Range: 

Operating 2( Junction) gis. cai eee Tz (opr) —65 to 200 °C 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 

(lc*= "100 "mA. Is = 0, tp = 300 us, df. = 2%)e=. Vcro (sus) 40 min V 
Base-to-Emitter Voltage (Vcz = 4 V, Ic = 10 mA) ..... VBE 1 max V 
Collector-Cutoff Current: 

Ventas 15 Volpe O se To) 20. C +t ce ee IcBo 0.25 max BA 

V cpt "1o Vee lee" OCT a SP 150° Cree eee Icso 1 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) uu... Izzo 1 max mA 
Static Forward-Current Transfer Ratio 

(Weng 24 8V S1Go= OSM A) eater ee eee hrre 40 to 200 
Thermal Resistance, Junction-to-Case ooo... ccccceescesceesees Qs-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient .............c0.c0006 Os-a 175 max °C/W 


40318 POWER TRANSISTOR 


Si n-p-n high-voltage type for direct 117-volt line operation in audio- 
amplifier output stages for economical high-quality performance. Designed 
to assure freedom from second breakdown in the operating region. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage 


(BSS y Rake) folds 8 ed mere ies Reiterates MMe Rei Ra rac rN Vcerr (sus) 300 V 
Emitter-to-BaSe Voltage ........ccccccccccssscssssssscssscssssccessccsesscevooscs VEBO 6 V 
Gotlectors Current: er en ee Ic 2 A 
BOSE CURT ENL Geka eis ONE ices ME OO NTN nena Iz 1 A 
Transistor Dissipation: 

LO SUID UO hoo. Ce te ae ae ee nine ora a th Pr 35 WwW 

POM ADOV akc Cit Meson ha) <a a ay ee eset rete eaten Pr See Rating Chart 

Oy cers Wink on Cree errr te erence EN ERIN Pr 5 WwW 
Temperature Range: 

Operatinig-(CJUNCtOn) © ce ae Ts (opr) —65 to 200 Ae 


TYPICAL COLLECTOR CHARACTERISTICS 


1000| TYPE 40318 


aE 40318 


wn 

E 

: 

4 oO 

J cs} 

a WwW 

ra) & 35 WATTS (STEADY-STATE 

a 20 ae MAX. — DISSIPATION LOCUS) 
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2 we 400 

q [@) 

had _ 

F 10 S 

3 =| eed MILLIAMPERES (Ip 

4 
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COLLECTOR-TO-EMITTER VOLTS (Vee) TLIS62T 


TLISGIT 


COLLECTOR MILLIAMPERES (Ic) 
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CHARACTERISTICS 


Collector-to-Emitter Sustaining Voltage 
eee) FOBT. “500. CD) ...scoccaccersnseissaccvssncececdecocene cece 


SAS EM oy chp aieccccoece tte seeds cc picosesesecccs 

Mame OO Vs Vem os —115. V5 - To 25°C ook ciccccecccncsn. 

Vimar Vv," Ven —1:5-V, To — 150°C, ..... cc .0k.... 
Emitter-Cutoff Current (Ves = 6 V, Ic = 0) owes 
Static Forward-Current Transfer Ratio: 

nie Ree AIMS RC POI) AYA 525. cocachsvencccsoedoaviesicececoscccees ane 
aR, 1 [ali PRES 1 Wiener fs 9 0, 


POWER TRANSISTOR 


MAXIMUM RATINGS 


VcER 
VBE 


(sus) 300 min 
1.5 max 


5 max 
5 max 
10 max 
5 max 


303 


40 min . 


50 min 
100 min 


50 min 
5 max 


°C/W 


40319 


Si p-n-p type used in audio-amplifier driver stages for economical high- 
quality performance. Designed to assure freedom from second breakdown 
in the operating region. P-N-P construction permits complementary driver 
operating with a matching n-p-n type, such as 40314. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 


Collector-to-Emitter Sustaining Voltage ......cccccseeee Vcero (sus) —40 V 
DUA MRR ET URI ISOBE  VOULA GO oink. vccncscdocccnses cssoelcc cece cccdidsoaceccdeonecss VEBO —2.5 Vv 
MRE Goan sac coonkuncneccounsnconseeToas acdeGeuvessodscococales sz Ic —0.7 A 
Ure S Sera osc 2 caiccnacusvteascdectapeaese Maaduss sscusovkraasvase Iz —0.2 A 
Transistor Dissipation: 
DEE MNM NERS NOS orcsenacnihsviscasncancs seainsigniectarctncstiak cient ousndemvbeuenece Pr 1 WwW 
MU ee 8s cso Sars naSbedonediesucosarlesdeudaodsipeckajevestoon one oove Pr 5 WwW 
PIG EL ADOV OS 257 C © ii5 ho cccllsscvasbvedsovateoieswsbaossconseseconmmoce Pr See curve page 112 
Temperature Range: 
SPM RINE SE SI RERI LA OLD J oc. cc cosaease ces kns sess aopavenesokscinusse bopaanecnccatess Ts (opr) —65 to 200 °C 
= TYPICAL COLLECTOR CHARACTERISTICS TYPICAL INPUT CHARACTERISTIC 
TYPE 40319 . . 
FREE-AIR TEMPERATURE (Tea) = 25°C TYPE 40319 : 
-l2 COLLECTOR-TO-EMITTE 
_ VOLTS (VcE)=-10 
o FREE-AIR TEMPERATURE 
S (Tra)=25°C 
8-8 
oo 
= -6 
Z 
=-4 
a 
a 
(e) —o 4 -6 -8 -10 -l2 -14 Oo -02 -04 -06 -08 -I 1.2 
COLLECTOR-TO-EMITTER VOLTS (Vcr) ete cr Ore eRe IN 
TLI770T 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage ; 
(Ic = —100 mA, Iz = 0, tp = 300 us, df = 2%) .......... Vcro (sus) —40 min Vv 
Collector-to-Emitter Saturation Voltage 
Ree mere AINA A — 15. TAL) ean inclisccsecocosseccovenpesovcese Vcr (sat) —1.4 max V 
Base-to-Emitter Voltage (Vcr = —4 V, Ic = —50 mA) Ver —1 max Vv 
Collector-Cutoff Current: 
mee MMe dB) OT OC Fa... ncecevcysvenscasovondcov cess Icso —0.25 max uA 
RGN od Oy TO 50°C: 5. oc .ncecosesaperedsnsndcosooese IcBo —1 max mA 
Emitter-Cutoff Current (Ves = —2.5 V, Ic = 0) ou... Izzo —1 max mA 
Static Forward-Current Transfer Ratio 
ete es Vg TO 50 MA) ooccccccccscccaccosecccccdncovesseovtes hre 35 to 200 max 
Gain-Bandwidth Product (Vcr = —4 V, Ic = —50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case ......cecsccsscsessceeeees @s-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient ............ccccee0 Os-a 175 max °C/W 
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40320 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Colliector-to-Emitter Sustaining Voltage uu... cceeee Vcero (sus) 40 eV 
Emitter=to=Base Voltage fae iteccssncccrerssone rade eseek ees VEBO 2.5 V 
Collectors Current ener OE Ic 0.7 A 
IB ASCH CUTTON Cater ree tae aera soe sees seas ah chee cad ooee tea aesteeeeee esate see Iz 0.2 A 
Transistor Dissipation: 

ED AMEUD 6 LOM 20s Gate cena ones ence ttrecttorteseninstaccse ates nee oe eee neee Pr 1 WwW 

EG PUD Bt 25S Cnc eee eee eee a a eee: rgd, | eee Pr 5 WwW 

ATA ae EO mADOV E202 Cure oe cuenceercecore toca eens Pr See curve page 112 
Temperature Range: 

Operatin Sh (IUNCUOMN)? Were esae eases eee ecsedees Ts (opr) —65 to 200 Ac 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ic =:100 mA, In = 0, tp = 300 us, df S 2%) ......... Vceo (sus) 40 min V 
Base-to-Emitter Voltage (Vczm = 4 V, Ic = 10 mA) ..... VBE 1 max Vv 
Collector-Cutoff Current: 

Verne s15 8 Veen: 0.6 Ot 255 Cee eee ee IcsBo 0.25 max LA 

Wicre—s15eVerln "04 Los—a1502 Cer ee ee IcBo 1 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) IzBo 1 max mA 
Static Forward-Current Transfer Ratio 

(Vents 44V ie lore 102M A eer taretras ree eeeexsac teenie hre 40 to 200 
Thermal Resistance, Junction-to-Case .......cccceccscessccsssceees Qs-c 35 max °C/W 


40321 POWER TRANSISTOR 


Si n-p-n high-voltage type for direct 117-volt line operation in audio- ampli- 
fier driver ‘stages for economical high-quality performance. Designed to 
vassure freedom from second breakdown in the operating region. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


CEB Dl. MOOD TO), Peer ree eet kc cacuices Sica cescsadeecd Vcr (sus) 300 V 
Emitter-to-Base "Voltage jcc. Goats Bie rte csieh oo ctenchataconsocccccaconsdes VEBO 5 Vv 
CollectoR"CULFeN ty 2c... ee Ic 1 A 
BasexCurrents-cy hte nia, Bana i eae In 0.5 A 
Transistor Dissipation: 

PAGE Up, COMO, Cor tate oe eee eon eee e tee e oo ee ee Pr 1 WwW 

LG SUPE tO 50. Cen ere eet A ens Rete ite Ae ee ee Pr 5 W 

WAY anG cma poves 50°C wren ie orien Ae tes nnn dy ere eek as Pr See curve page 112 
Temperature Range: : 

Operativip a Guncuoll) eta ttt ee at ee Ts (opr) —65 to 300 te 


TYPICAL COLLECTOR CHARACTERISTICS TYPICAL INPUT CHARACTERISTICS 


OlTYPE 40321 
CASE TEMPERATURE 


(Te) = 25°C 


7160 = 
acd H 
to Pi fk 
‘ : 
: 120 @ 
= <i 2 
= 2 10 
= 3) 
x 80 = 
° WwW 
5} ® 10 
_ fea) 
3 40 
S 
Te 
Fy 40 Bo 120 60 sobs 240 BASE-TO-EMITTER VOLTS (Vpp) 
COLLECTOR-TO-EMITTER VOLTS (Vcf) 92CS-12618T 


TL 1682T 
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CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 


aap ORL = LODO) cvcssccsvscaccsiscedecovosccsevceceeeeases Vcerr (sus) 300 min V 
Base-to-Emitter Voltage (Vcz = 10 V, Ic = 50 mA) . VBE 2 max V 
Collector-Cutoff Current: 

Wen loO mv be — -0, oT OSS) 150° Oi iscclesccccsccccsedicssseoeccs IcBo 100 max pA 

eer em ECB ED L000!) ales ccssedssiciecvcscessvsccovecesvececdecse IcrrR 5 max uA 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ue Izzo 100 max uA 
Static Forward-Current Transfer Ratio 

OVC Rie LOM eC a DO! MA eos ci csc ickacocasostseccccsussustees ids hre 25 to 200 
Thermal © Resistance, JUNCTION-TO-CASE  o......ccseesscsecessvssseeeee @s-c 30 max °C/W 

POWER TRANSISTOR 40322 


Si n-p-n high-voltage type for direct 117-volt line operation in audio-ampli- 
fier output stages for economical high-quality performance. Designed to 
assure freedom from second breakdown in the operating region. JEDEC 
TO-66, Outline No.22. Terminals: 1 - base, 2 - emitter, Mounting Flange - 
collector and case. For rating chart and collector-characteristics curves, 
refer to type 40318. 


MAXIMUM RATINGS 
- Collector-to-Emitter Sustaining Voltage 


He rN Nr Son sk obec Ss. oo ses ei ccuw dn dé cs tecevetdcstaesGusecdescadneansvdedes Vcrr (sus) 300 Vv 
PPAIGECE HTH EASE © VOlA ZC. ai5i5.5.5.0055 05. cccessecasveseshsdectencesneccdcnscdcsers VEBO 6 Vv 
NR NUE OTN ye oso 50 sccsace BUSA. 50h sc oSeesdessusveaassnatscacseutescccotacsasas Ic 2 A 
SeAS CMO ERED) Uatiisccctrc nce s cokcscesstece ox chicvennceiteccesacuesscvsditewe oetiiessscessecees Is 1 A 
Transistor Dissipation: 

i Re Moco 5000 a vase hn vencovksoucencasscunvonael svadsscoeecciaetortae’ Pr 35 WwW 

PM a A015 o nhc accosceo de tonscenncdavesetevnrsdbnciastacsdanscessbisesssencs Pr See Rating Chart 

Se ED RTPI gos oirsn cons saa cotleduvne. ovedsucssundedoeessebecsasnabseaderdsavidedic Pr 5 WwW 
Temperature Range: 

ME ALIN ae APE A TATICTION ) | oss eh-e. ta csccdeausacesccuadssensnenivcdcbcooslvecacedonce Ts (opr) —65 to 200 °C 


CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 


ite c00-mA, Rew ="200 0, L -==.5 mH). ~sscccccte Vcerr (sus) 300 min Vv 
Collector-Cutoff ‘Current: 

Vic ee ON Vi BBO Te D5 OC encccelsvecedcctedeberddeczecoss Icro 5max - mA 

Wieme—l o0SV, Vpn s—1 5 V,, Tel 0 25 CO. ecccccicivcstechincess Icrv 10 max mA 

Vcr = 150 2 Vern = —1.5 Vv, Tev=< 150° Cu ckees Icrv 10 max mA 
Emitter- Cutoff Current (Nies—-65V,s1ct—70) ee Ieso 5 max mA 
Static Forward-Current Transfer Ratio: 

Vi Sot ORV ome GS 20 TVA as eco ccadcncevostebeivecedsedcosseneseecs hre 40 min 

VCO Vis EO. = 500. TVA oo.c5.ksdcbscoesecnclvsestdsovatbeovcshecetes hre 75 min 
Second-Breakdown Collector Current (Vcm = 150 V) Is/b 100 min mA 
Second-Breakdown Energy (Ves = 4 V, Ree = 20 Q, 

1h) == SINE A) ee esaatrt peel ne ar ee ar Es/b 50 min ud 
Thermal Resistance, Junction-to-Case .......ccccccecesesescceees Os-c 5 max °C/W 

POWER TRANSISTOR 40323 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics and transfer- 
characteristics curves, refer to type 40309. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage o.......ce Vcro (sus) 18 Vv 
PAIVICOST-LO=DASEIAV OLLAZC 2). 55.cnccocseseccossaccacsractecacsosesessecsessavesooese VEBO 2.5 V 
Rea Mum RE NU IMEES PRMMCONINT 0 2-525 ones ccvsrcvlonns cot Sankvceeseavesedovcosacogstocecsecettesse Ic 0.7 A 
SES (CUSETTRGIAU RS OA eR RI i el eo Iz 0.2 A 
Transistor Dissipation : 
PMI ROMEO UE gC esti aris i ccec ssa asoredetvesececsuncret stocscs Mascsocesbocsceae? Pr 1 WwW 
Ate (SGe) UES: PARA: BARR aie Re ioe Earn ri rh oe Repaired Pr 5 WwW 
SP ERE OVS OC on... cxvvonvacncnandvoveseveossnnsceneelioajecenacs Pr See curve page 112 


Temperature Range: 
Tae MEN MEME aR TITICTION ) < fc0.occ.cccscssacecaccccccsccosccdebocslassoscasesceccesets Ts (opr) —65 to 200 Ae 
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CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage 


(Ic = 100, mA, Is, = 0; tpi =9300 ws, dis 2%)). \...csc0.--s- VBR) CEO 18 min V: - 
Base-to-Emitter Voltage (Vcm = 4 V, Ic = 50 mA) ..... Vpn 1 max V 
Collector-Cutoff Current: 

Vice phon Viet =O, Tore 2 On alent ae IcBo 0.25max - yA 

Vics i sboe V4) bot OF Tots 50° CR eee aes IcBo 1 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) Izzo 1 max mA 
Static Forward-Current Transfer Ratio . 

(Vents 24 8 Vlog F507 mAs) ees cor ckorsuccastteaterelce ee: hre 70 to 350 
Gain-Bandwidth Product (Vcr = 10 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case o..........cccccesccesereeees QOs-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient ................0.... QOs-A 175 max °C/W 

40324 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-66, Outline No.22. Terminals: 
1 - base, 2 - emitter, Mounting Flange - collector and case. For collector- 
characteristics and transfer-characteristics curves, refer to type 40310. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage oo... Vcro (sus) 35 Vv 
Emitter=o-Base.V Ota ge ycesceitiesecaccassete crac: cctucccccsescctiseconadessece VEBO 2.5 V 
Collectors Currentdc ire ee ea nee Ic 4 A 
Base Curren tine nccccccm ceonssertecc ste tences ee cee ree ees Iz 2 A 
Transistor Dissipation: 

PEC EEO REOM AO LEE 0.01.) oc 5scacaceart dr ousinct daseeseensiss dete etattmtnas dene Pr 29 WwW 

LCA Gi eed HSA, Zag dies ncarov tee ncusi@endastasnaacecancien Creaaiee haieon aoe! Pr See curve page 112 
Temperature Range: 

Operating (Junction) tee ei eee Ts (opr) —65 to 200 XD 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage 

(lots LOO. VAS Rep mies 5O0LO)) Ferree ce ree ee ee V (BR) CEO 35 min V 
Base-to-Emitter Voltage (Vcz = 2 V, Ic = 1 A) ........ VBE 1.4 max V 
Collector-Cutoff Current: 

M fej cent P ay ie Go wemore (ae ifs aka Sa Oe th A eR RE eens Icso 10 max uA 

Wes: = Looe s Pe 0, Be sot 1508 Cy eset ee eg IcBo 5 max mA 
Emitter-Cutoff Current (Ves = 2.5 V, Ic = 0) uu... Izzo 5 max mA 
Static Forward-Current Transfer Ratio 

(VicEe Eo Leh SON Ad yes eee hee ods eee hre 20 to 120 
Gain-Bandwidth Product (Vcm = 4 V, Ic = 500 mA) fr 750 ke/s 
Thermal Resistance, Junction-to-Case .....c.cccccccessccsessceee Qs-c 6 max °C/W 

40325 POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier output stages for economical high- 
quality performance. Designed to assure freedom from second breakdown 
in the operating region. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - 
base, 2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage oo...ccccccccccsscssssscessssccessccesscessssceeess Vcxso 35 Vv 
Collector-to-Emitter Voltage: 

VBI ae se TV oll catenin Rade ck parte eee ee Vcrv 35 Vv 

Base open (sustaining voltage) wo....cccccccscsscesesscesseseecees Vcro (sus) 35 Vv 
Emitter-to-Base Voltage wo.cccccccccscssccsscssccsscesceseeseees rie thew VEBO 5 V 
ROMSCLOrA GUITONE Lt ee eit oP atiak eater enc Ic 15 eee." 
Base Curretttet in. acces ee ee Ip 7 A 
Transistor Dissipation: 

Me thaa Hh Me None 4s bk @ 20 SA IEE COS AM le 5S Rist Sy iat od pale Pr 117 Ww 

DONADOY Gaede bcavtosehmsizctegeeeee mn ae ee Pr See curve page 112 
Temperature Range: 

Operating: (Junction) vin cde he os acikect Ot ene Ts (opr) —65 to 200 M4 & 


OO Oe 
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CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Breakdown Voltage 


RRNA DG iO) ns savcocossqnocnnnasboccdapeassseovecensbeaceceene Verceo(sus) 35min V 
Collector-to-Base Breakdown Voltage 

RETA EM mm O)0 oaocsccsacsseescnsevcveccanesessvecoonccncavocsganesones VBR)CBO 35 min Vv 
Collector-to-Emitter Saturation Voltage 

MRE ee NEE — O85 AN) Sooo cnccnconctevsscechoncisecdstodelecdocese Seosectetete Vcr (sat) 1.5 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 8 A) ou... VzsE 2 max Vv 
Collector-Cutoff Current: 

Wiesner bine —— Os EG he 5 Ca ele skehosstdebcckeasastacedscses Icso 5 max mA 

Wepre sO Lm Oe 1 ora 150° Ciiesdccecccse ee ccecleeeeeebealaleces IcsBo 10 max mA 
Emitter-Cutoff Current (Ves = 5 V, Ic = 0) ............ Izso 10 max mA 
Static Forward-Current Transfer Ratio 

ReGen a rr Cig © BAL) es cee rad ono vias 2 le ce Wade, hre 12 to 60 
Thermal Resistance, Junction-to-Case ....i........cesessessseeee Q@s-c 1.5 max °C/W 

TYPICAL TRANSFER CHARACTERISTIC 


TYPE 40325 
COLLECTOR-TO-EMITTER VOLTS (Vcf)=4 


TYPICAL COLLECTOR CHARACTERISTICS 


125 TYPE 40325 
| CASE oalty sal daaitG (Te) = 25°C 


COLLECTOR AMPERES (Ic) 
COLLECTOR AMPERES (Ic) 


Oo 1 20 30 40 50 60 70 80 90 
COLLECTOR-TO-EMITTER VOLTS (Veg) 


92CS-12306T 


92CS-12326T 


POWER TRANSISTOR 40326 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics curves, re- 
fer to type 40309. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage ...........c cesses Vcero (sus) 40 V 
MAMIE E15 OSS TV OLAS i. on..cscecci...ceccecascstevecocsovsocsscsvenensesovece VEBO 2.5 V 
ROA AAPL ONN G oso acoscn cook eedongasesdsdacssanasssdoocesnovoancceteee Pe tivities Ic 5 0.7 A 
SYS (ChONS ATU eee rene on I eN ar eens Sean inne! tania entry repeats coh popes Heys Is 0.2 A 
Transistor Dissipation: 

PUG AMUP TDL OME ig cance tics sceuad occ oasaesihabecedecceassvocccdcsseiotevescicietesoucastcees Pr 1 WwW 

a NRE Os acs hcg tes csacckestenedoased covcocuers tetas Pr 5 WwW 

AM AINE OMIA DO VG? 25 (Cbs. . cisssicesscccoacosevesscecscaossyseccstectieaseents Pr See curve page 112 
Temperature Range: 

are NE AS UIINCTIONL ) | oo doccccssscctsesnsncietndsoccotessodoasouecsodgasngvcatinnd Ts (opr) —65 to 200 a 2 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage ; 

iicp=00 mA, In -=—-0, to — 300 ws, df S 2%) 205 Vcxo (sus) 40 min V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 10 mA) ..... VEE 1 max Vv 
Collector-Cutoff Current: 

icra REV eRe =O Le Cee occ cc casens etacebensore IcBo 0.25 max uA 

ee ite Rhy oOo PG ISON Ge <i enracecenscscccscsnoccesnonderses Icso 1 max mA 
Emitter-Cutoff Current (Ves = 2.5 V; Ic = 0) ...u........ Irso 1 max mA 
Static Forward-Current Transfer Ratio 

ae ee 0 10) IAL Pos as cechcsoonssusnevsaceevoettdevssorscchecete hre 40 to 200 
Thermal Resistance, Junction-to-Case .........ccccccccseseeeeees @1-c 30 max °C/W 

POWER TRANSISTOR 40327 


Si n-p-n high-voltage type used for direct operation from a line source 
in audio-amplifier driver stages for economical high-quality performance. 
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Designed to assure freedom from second breakdown in the operating re- 
gion. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - col- 
lector. For collector-characteristics and input-characteristics curves, refer 
to type 40321. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


Rip =F 1000 FQ Yeh ee reek eave ascot es nana ecva tenes Vcrr (sus) 300 V 
Emitter-to-Base Voltage o......cccccccccccccsssscsssssccccccssccscscessssseoeseeee VEBO 5 V 
CollectorHCuEren tie Ret assssenknns bee sectasere ccaeadopeeeese Ic 1 A 
Base Cur renter ee. easter teccs nee scecctee cnc eee see cace ct oartanenenctcaewursemveaaetets, Ip 0.5 A 
Transistor Dissipation: 

STA Up Mb WO: CBee 2isc. ccacs ectaetetbeacnassecdcteroszscedsserecssaaravercsementtvet Pr 1 WwW 

IE CRUD set ODOR Gre! pee nen dls Weacean dashacaeoens cage aavete+corcese teceaacsisessdocks Pr 5 WwW 

TA PANGH LO MADOVE = DO Cu oii nsiesctessiesesedesscsvecerestpsteeseosestasnares Pr See curve page 112 
Temperature Range: 

Operating oC TUN ct OM) aces certs Sesttalen tet shecescccossveces-thasevdeeeaeee Ts (opr) —65 to 200 °C 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Sustaining Voltage ; 

(los 50 em AS Repe 9 L000 Oe cre ccccsecccctercncasnsttctetsscosoedersst en Vcrr (sus) 300 min V 
Base-to-Emitter Voltage (Vcr = 10 V, Ic = 50 mA) Vse 2 max Vv 
Collector-Cutoff Current: 

Vere 715047 Le =e 0SC, bp =O) eecpacoccctcccosetuewtetesres IcBo 100 max pA 

Vier = 150 Vie Rewer == tL OOO re ee irnsctaeacastersevdocstone Icrer 5 max pA 
Emitter-Cutoff Current \ (Ven. = 5. V, Io. ==> 0) ecniiteven InBo 100 max BLA 
Static Forward-Current Transfer Ratio 

CV Gr LOE VLC Ft 20TA ilrere set recttsistcce consessaessnvee Moses hre 40 to 250 
Thermal Resistance, ViJunetion-to-~Cases ..sccenkceaee Qs-c 30 max °C/W 

40328 POWER TRANSISTOR 


Si n-p-n high-voltage type used for direct operation from a line source 
in audio-amplifier output stages for economical high-quality performance. 
Designed to assure freedom from second breakdown in the operating re- 
gion. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, 
Mounting Flange - collector and case. For rating chart and collector-char- 
acteristics curves, refer to type 40318. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


Rep re OO Ore ces obese eee enatite tits eunscuseay tones tcevasrenascseetecnetress Vcrr (sus) 300 V 
Eimitter=to=Base FV Ola gee iccecccccccsesccecnocedsetccoSesvessotsocccssessecnseas VEBO 6 V 
COTTECtOL ACULT EN Cys Se coces car coveracen ccenens men tenteveesetecerentensssnereeeenarents Ic 2 A 
ASG s CULO Cay cir cores see tetera car one eanasttnee srescreecttsacassCorenetetee In 1 A 
Transistor Dissipation: 

SRAM CO BES Ch ccscne hava aes ancapMearedinetioctes sastevecthdentse Weapsoesenaseeanys Pr 35 WwW 

Thy oa sek cosaz te ca eagih soaps avscnteceesotaacsen cad aan ontsinse aon Pr See Rating Chart 

Hb Wa) el ensthly (a Ses, hy Plein rn A Pah PN Sy Sol Oa Sa Pr om WwW 
Temperature Range: 
Operating MC TUN Ct OM) ice cssesc.potestcnscvassoseussstecestooeteesstoaeertseccestee Ts (opr) —65 to 200 °C 


CHARACTERISTICS (At case temperature — 25°C) 


‘Collector-to-Emitter Sustaining Voltage 


ALG = 200 WAL Bem == 00 ON ee Pcsetare ciscasereesesenurcsccets Voerr (sus) 300 min V 
Base-to-Emitter Voltage (Vcmz = 10 V, Ic = 1 A) ........ VsE 1.5 max V 
Collector-Cutoff Current: 

YA) eee TA Ga yr peeess f U a HNO ob le mines oe Aime ar Me Sa iat vst Icro 5Smax ooo aA 

Ven = ploOl V,. Ver =) — LAW) LG SS 2a Cie cr h aici Icrv 10 max mA 

Vent 250 eVee VB —L5.V; CLO cee 150°C ite eeieceaee Icrv 10 max mA 
Emitter-Cutoff Current (Ves = 6 V, Ic = 0) ............ InBo 5 max mA 
Static Forward-Current Transfer Ratio: 

WF a Oa Vis La Ae ets lbs atuseedesen sctuahedisastocatesteteciae hre 20 min 

ViGw ss LOUIV, Phot 0/20 win A reccssecies. cake ncvcts oeckonueieosseccben eres hrr 40 min 
Second-Breakdown Collector Current (Vcm = 150 V) Is/» 100 min mA 
Thermal Resistance, Junction-to-Case ...ccccccccscsscssssssesseees Qs-c 5max °C/W 


40329 TRANSISTOR 


Ge p-n-p alloy type for low-level, intermediate-level, and class A driver 
stages in consumer and industrial af-amplifier equipment such as preampli- 


ee ee 
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fiers, tone-control stages, and phonograph amplifiers using crystal pickups. 
JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage oo......ccccccscccsccssscssssscsssccsseccscsssccsseees Vcso —25 Vv 
Collector-to-Emitter Voltage (Ram = 4700 QQ) ou. VcrrR —25 Vv 
PUNMUUGCE=LO—=BAaSC VOMASE ii c..iiiseccccsccsccsessscesccscsvvovdeccescvaadiocscve VEBO —2.5 V 
a MRE EN 8 gga ccpncics ve cuhcyssdaansk vadbbiadGaoveksvaouldstaqiodanasvonesene Ic —100 mA 
MAREE PIP OCTAG © cdicadss olvsdsescsaccsestercs couch bwaiwlllvsalsehies ee LE 100 mA 
TELE STS Gru 0g o) og Ska Gn BN seusetoon cet e eecka einonca ceeeeweoe Ip —20 mA 
Transistor Dissipation: ~ 
Ta up to 55°C (With practical heat sink, 
Pr OO CW) eee ce yececese caudate osvsvesndinghesceaetiaatn cess Pr 265 mW 
22 Mpitolse ©. (Without héat sink) ioe cccsdivccstecssssees Pr 125 mw 
Ta with and without heat sink above 55°C ............ Pr See curve page 112 
Temperature Range: 
Reali NE (COITICLI ON ) Wah 5 5 soak scnsssiescodesvonssssceipwescdbenttenssseseccke Ts (opr) —65 to 100 TG 
NOMURA IO RSME stots cel cra cScces oo stSCi ico) ce pas bine thoe¥oiscweccessecevecnes BROiccl eee Tstc¢ —65 to 100 rc 
Lead-Soldering Temperature (10 s max) .....cccceeeeeeees Tu 255 iG; 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage 
Wel —BOOeUNAN. ey pa Q)) Ee ssc cccncliscsnccdecaccanlaceceth cQhed reeuege ote VBR)CBO —25 min V 
Collector-to-Emitter Breakdown Voltage 
Pete e200 0), Too 1 A)-> persccsisiemagessiecheocdiecsstenes V(BR)CER —25 min Vv 
Emitter-to-Base Breakdown Voltage 
CU i OPO TINA) ca ckine salcocl ele icetesccc stdtsnclocsesdigedeseSt eee eeabeweonbes V(BR)EBO —2.5 min V 
Collector-Cutoff Current (Vcsp = —12 V, Imp = 0) uu... IcBo —14 max pA 
Emitter-Cutoff Current (Ves = —2 V, Ic = 0) wee Izzo —14 max LA 
Static Forward-Current Transfer Ratio 
i WRG 5 TTA). Li cain icssccctcscennstvctssiccooncsy hre 50 to 200 
Small-Signal Forward-Current Transfer Ratio: 
Vcz = —10 V, Ic = —10 mA, f = 1 ke/S oii... hte 75 to 300 
Viecrs— —o- Vi, lo) —lomA, f= 1 Kes 26.0: hre 50 to 200 
Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (Vcs = —6 V, Ic = 1 MA) . pw dieccccscceteoees fnep 1.5 Mc/s 
Output Capacitance (Vcs = —6 V, f = 1 ke/s) ......... Cobo 35 pF 
Small-Signal Input Impedance 
(Vcz = —10 V, Ic = —10 mA, f = 1 Ke/s) .......0.0..... hie 400 Q 
Small-Signal Output Admittance 
Veu=—e—10)V;> Ic = —10 mA, f = 1 ke/s) “isin... Noe 175 wmhos 
Small-Signal Reverse Voltage-Transfer Ratio 
(Ven — —10) V, Ic = —10 mA, f = I ke/s) “.00...50..0. hre 300 x 10-* 
Equivalent RMS Noise Input Current 
(Vcz = —6 V, Ic = —0.5 mA, f = 20 c/s to 
Pell) TPL GUNG a. SESS S Ae SRS SR cP i a 0.02 max pA 
Base-Spreading Resistance . 
Vcz = —6 V, Ic = —1 mA, f = 20 Mc/s) ....... Neate Ybv’ 100 Q 


TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTIC 


TYPE 40329 
COMMON-EMITTER CIRCUIT, BASE INPUT. 


TYPE 40328 
COMMON-EMITTER CIRCUIT, BASE INPUT. 


a CASE TEMPERATURE (To) = 25°C Shoo CASE TEMPERATURE (Tc)= 25°C 

ins | 4 |COLLECTOR- TO-EMITTER 
wy & VOLTS (Vc_E)=-! 

ui & -8 

= 

= < 

4 ay. 

= = 

oe S 

° Fr -4 

= Oo 

a 4 

4 3-2 

8 


5 40-15 =20..-25 ; BASE MILLIAMPERES(Tp) 
92CS-13143T 


0 
COLLECTOR-TO-EMITTER VOLTS (VcE) 
92CS-I3142T 


TRANSISTOR 


40340 


Si n-p-n “overlay” epitaxial planar type used in high-power class C ampli- 
fier applications at frequencies to 100 Mc/s. JEDEC TO-60, Outline No.20. 
Terminals: 1 - no connection, 2 - base, 3 - collector, Mounting Stud - emitter 


and case. 
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MAXIMUM RATINGS 


Collector=to-Base™ V OMA Pe WirracicccrcccdccecesssclneAeceeecesvant iene VcsBo 
Collector-to-Emitter Voltage: 
AV 0 es me 1 Wik Or sccm ceccntanere ce men eeeece tac tecenie Sete eer ene sts. men ene Vcrv 
TSASS RO DOU ei eiescs 5 cacedoss sae eh Beaters cksanen na etahe Caakeneeg te oscott treed VcEO 
Emitter-to-Base Voltage  ....c..ccccccccccssssssssassscccssvsscsssscesscoscsssees VEBO 
Beaks: CollectompEurrent) vesescesta occsstesectissssccansceintesicest ave ages ic (peak) 
Continuous@ Collector Currentyhscc eee eee Ic 


TransistorveD issipa lone TOs = a2 °C) a cccccccviceseaccuscrescer scat Pr 
Temperature Range: 


Operating Ti(Tunction)® Sesser eee Ts (opr) 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Nt A A Voltage: 


Ic = 200 mA, Vzaze = —1.5 V, pulsed through : 
an inductor L = - 25 mA, Ofg SD 0 Secor V (BR) CEV 
Ic = 200°mAs Ip = 0, pulsed through an 
inductor L — ZOmTVAtE Cie — a 5005 m eee VBR) CEO 
Emitter-to-Base Breakdown Voltage 
Clg =" LOS NA, ORG SO) onc esate hate .seers.c ee ee V (BR) EBO 
Collector-Cutoff Current: ; 
VCR ama Vii (ere tee. tes ene Senin vemreecir san ae Icro 
WCBS aac Vey Lt or 0. wcccctickca ee te eee IcsBo 
eas ut ~ Capacitance CViep m2 15 Vo Te nee Cobo 
ower Output (Vcr = 13.5 V, Pir = 5 W, 
fia DOBMC/S ARG & Ris 5ONG i ee ee Por 
Thermal Resistance, Junction-to-Case .o.....ccccsscsscssscseseses Os-c 
*For conditions given, minimum efficiency = 65 per cent. 


TYPICAL OPERATION CHARACTERISTIC 


+ 
ol 
nn 


TYPE 40340 

COLLECTOR-SUPPLY Waals (Vcc) = 13.5 
FREQUENCY (f) =50M 

CASE TEMPERATURE (ia) 25°C 


ol 
(e} 


RF POWER OUTPUT (PouT)—WATTS 
a 


RF POWER INPUT (Pjy)—WATTS 


TLI839CT 


40341 ? TRANSISTOR 


60 min 
25 min 
4 min 

1 max 
10 max 
120 max 


25* min 
2.5 max 


appddd < 


aq 


Si n-p-n “overlay” epitaxial planar type used in high-power class C ampli- 
fier applications at frequencies to 100 Mc/s. JEDEC TO-60, Outline No.20. 
Terminals: 1 - no connection, 2 - base, 3 - collector, Mounting Stud - emitter 
and case. This type is identical with type 40340 except for the following 


items: 


MAXIMUM RATINGS 


Collector+tOeBasees V OLAS Gc cscsdesvses. Meieiss sdadoninchisceonsosesisscaqceceors Vcso 
Collector-to-Emitter Voltage: 
VW Re Fe 1S Varah eae cic ca con co sce sccantno ch chsaddarecconsd eee VcEV 
Base “open BSc esate NG Sach ss eeaus Sua NTE Sets oa ds Seneca Soa vecto ene awe VcEO 


CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Breakdown Voltage: 
Ic = 200 mA, Vaz = —1.5 V, pulsed through 


an inductor L= PAY Manhole === GINGA pm oe V (BR) CEY 


Ic = 200 mA, In = 0, pulsed through an 


inductor L = PAS GOW a he Che ms IAEA renee ate V.BR)CEO 


80 


80 
35 


80 min 


35 min 


<< 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 


See a em ee UR Eg ma) 5 10 0c, <P eséacakcadadcexsondctocveoconccoencoesecnsd Icro 

ene mem yee Pane =O) 19, 0282 ce becca ces ccchocascoocvacoocdksbacses te rl ee Iczo 
Output ( Capacitance Wa ese OV CO) i spccdermicsw nt cencs Cobo 
RF Power Output (Vcg = 24 V, Pin — =83" W., 

cease unr At Or ER, = 50 OD) occ cceSissncoccesesvceies icsvcoepeect Por 


eral-purpose applications in military, industrial, 


* For conditions given, minimum efficiency = 


TYPICAL OPERATION CHARACTERISTIC 
TYPE 40341 


COLLECTOR-SUPPLY VOLTS (Vcc)=24 
60;FREQUENCY (f) = 50 Mc/ fs © 


un 
{e) 


ed 
(2) 


RF POWER OUTPUT (Poyt)—WATTS 


oO I 2 3 4 6 


RF POWER INPUT (PIN) WATTS 
LI640CT 


POWER TRANSISTOR 


311 


1 max mA 
10 max mA 
85 max pF 

30* min W 


60 per cent. 


40346 


Si n-p-n triple-diffused planar type used in low-power, high-voltage, gen- 


and commercial equip- 


ment. This type is particularly useful in neon- indicator driver circuits and 
in high-voltage differential and high-voltage operational amplifiers. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 
Collector-to-Emitter Voltage (Raz = 1000 QQ) ....... Vcerr (sus) 


BE UO CLIC LOIN a eacusec2ncds 0ncoeccssobessevecve lt sadoccedccsosacivoctsedscossaccnsoss Ic 
Ree MME TACT N Gantry cs oie fae cuaisscieocssvcceccucencsesssesectese cescccsaosesss RnB Is 
Transistor Dissipation : 
SUN NM AMNINAN RIN MG oF occod, 52 cok ss nn0cscaccooecevsseceusotopcee scnoosesecoogeanesavbas Pr 
coe Sen ec is Gis Fo op hds vnan acne oobenapsosecsvacesesserteressers Pr 
APARNA eR OIOVE oO SC = 5 oas.dak so cebecseccgotetorcoavsteresseectececdhcacocs Pr 


Temperature Range: 
Gperating (Ta-Tc) 


COLLECTOR MILLIAMPERES (Tc) 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 40346 
CASE TEMPERATURE (Tc) = 25°C 


yee MILLIAMP 


POCO eee eee eee e eee EOE OOF ESEHESS OS DOES EOEE HS OO ESO DESESEEEEES® 


ERES ip): =0. a 


er 50 75 100 125 150 175 200 ~ 02 03 04 


COLLECTOR-TO-EMITTER VOLTS (VcE) 


92CS-I321I0T 


175 
1 


Vv 

A 

0.5 A 
1 WwW 
W 


5 
See curve page 112 
—65 to 200 °C 


0.5 


0.6 


ll 
a 


TYPICAL TRANSFER CHARACTERISTICS 


E 
LTE 
iY PT TT 


"25 
IN 


0.7 08 


BASE-TO-EMITTER VOLTS (Vee) 


92CS-I2619T 
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CHARACTERISTICS (At case temperature — 25°C) 


Collector-to-Emitter Sustaining Voltage 


(Reni 00000 4 loge. SO At) icaccceseteane trash eevee eeeeee een Vcer (sus) 175 min Vv 
Collector-to-Emitter Saturation Voltage 

(ier SseiemAN Tova 2 10° ANI reece Vce (sat) 0.5 max Vv 
Base-to-Emitter Voltage (Vcr = 10 V, Ic = 10 mA) VBE 1 max V 
Collector-Cutoff Current: 

Veo maar LOO BV ie bers 0 ye setroricccc tes eenccteee eee ee een Icro 5 max LA 

Vieng 200 GV ,0VEn Se —10 5iaV pel Gy 20 [Cy csc teen es Icrv 10 max LA 

Verne 200RVoe Vieni =o Ve ee ol D0 fC percecacers oe Icrv 1 max mA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) ........ Izzo 5 max pA 
Static Forward-Current Transfer Ratio 

(Views— 2100 Vil Cas LOS TivA rte eee hrr 25 min 
Small-Signal, Forward-Current Transfer Ratio 

(Views 105V5 lc) slOimA fi 5" MC/S)ae secs ees hte 2 min 
Thermal Resistance, | Junction-to- CaS@: (nctk See ee ees Qs-c 30 max °C/W 

40347 POWER TRANSISTOR 


Si n-p-n single-diffused type used in a wide variety of low- and medium- 
power applications where medium- and high-voltage power transistors are 
required, such as switching regulators, converters, inverters, relay controls, 
oscillators, and pulse and audio amplifiers. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector=to-BasevV Olta gen scssccccccsesscscsess ieee nite nseneees Vcso 60 Vv 
Collector-to-Emitter Voltage: 

AG 7g 0h Se) 8 ING. Fh0/ eR es 7 eal nn mnRenn tee Mie £5 Aen 8 Vcrv 60 V 

BASE ODCIVEe, coceriiecetter tects Ne taeet eee eee eR a ee VcEO 40 Vv 
Emitter-to-Base ~ Voltage & cisscccsctes.tacescsth ouscasetssnnescossocssscecdobenss VEBO 7 V 
Collector Curren tee: ee eee tesace cee ees Ic 1 A 
Basser, Current fi. score e scot scaeyecesei panne cotacecs sees eter ee Iz 0.5 A 
Transistor Dissipation: 

PASAT Sto 502C Bers eee eee eee eet cae Pens NRE ED ee Pr 1 WwW 

PL CUPLED BELO, Dn, Cre ws erento ccreescrtee hee een ee Pr 5 WwW 

PAT ALICL CC FADOVE OO. Cr ten seics snaahctorngesseee ares vaeotbansclescnesuneiers Pr See curve page 112 
Temperature Range: 

Operating (J UNCON) eee ee ee eee Ts (opr) —65 to 200 °C 

SCOT AGC eerste ce cease eee ee eRe Tstc¢ —65 to 200 nC 
Lead-Soldering Temperature (10 s max) ............ Beater cette Tu 230 He 
CHARACTERISTICS 
Collector-to-Emitter SAU Voltage: 

Vie bile V5 Ost 50 NAW oe tee eee Vcry (sus) 60 min V 

Ic = 50 mA, Te 0 DS ey ee ee) ee Vceo (sus) 40 min Vv 
Collector-to-Emitter Saturation Voltage 

Cho 2450 mA ilps == 45 A) er ee eens Vcr (sat) 1 max V 
Base-to-Emitter Voltage (Vczs = 4 V, Ic = 150 mA) VBE 1.5 max V 
Collector-Cutoff Current: 

ViGbis=  sUC Vata va= Oy. tat oo Cpe err ee ene neers Icro 1 max pA 

Vieni SOR) (let 0; Tous 150°C eee eee ee Icro 1 max mA 


TYPICAL DC FORWARD-CURRENT TRANSFER- 
TYPE 40347 RATIO CHARACTERISTICS 


CASE TEMPERATURE (Tc)=25°C 


oO 

2 BASE MILLIAMPERES (Ig)=1I 120 
a 

: 100 
= “a 

a “so 
= ° 

5 FE 60 
oO x 

tu) 

| 

can 

[eo] 

oO 


DC FORWARD-CURRENT TRANSFER 


[Dy 20-8 30040". 50.5160 4 
COLLECTOR-TO-EMITTER VOLTS (VcE) 2.468 2 
NS cadaysoce ol 10 100 ‘000 
ee MILLIAMPERES (Ic) 
92SS-2328CT 
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CHARACTERISTICS (cont'd) 


Bimiaer-cutonw Current (Vrs —°7: V, Ice = 0) .i000...608 Izzo 10 max LA 
Static Forward-Current Transfer Ratio 

Aa ore eee MV er et AO! TVA occ cccccccssecenccoencdezvcccdescevcevadoee hre 20 to 80 
Thermal Resistance, Junction-to-Case oo... ccsessseesseeees QOs-c 20 max °C/W 


POWER TRANSISTOR 40347V 1 


Si n-p-n single-diffused type with an attached heat radiator for printed- 
circuit-board use in a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors for switching regu- 
lators, converters, inverters, relay controls, oscillators, and pulse and audio 
amplifiers. JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This type 
is identical with type 40347 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


SENT LY Ey Re Soa 50 cc vs teak cs dando (2k aa pictee Mdagsivovescvssdtestevenedenus Pr 4.3 W 
PN MEIN Norge occ or ndac ccd Nokcchso ns ganas twecaateguesecebuoscsaetnersees¥ecees Pr 8.75 WwW 
PVA O Tae eC AO V C25 Ce... sssccscaseooceiescssvccnacenssatscoteecesacsssesenconse Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient .................. Qs-A 40 max °C/W 


POWER TRANSISTOR 40347V2 


Si n-p-n single-diffused type used in a wide variety of low- and medium- 
power applications requiring medium- and high-voltage power transistors 
for switching regulators, converters, inverters, relay controls, oscillators, 
and pulse and audio amplifiers. JEDEC TO-5 (with flange), Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case (with flange). This 
type is identical with type 40347 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 
° 


PI MENU DERE OM sme eee oe nccssks Gusgicsees odes ore sucvaceasedetesseuadettascduaeste cove Pr 11.6 WwW 
DIDNT Fie Pe SSE 5A Sa onto ch Side LacWassa da Gobbese dee cdsvdepheduotinees Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Case on... eeeeeeees Os-c 15 max °C/W 
POWER TRANSISTOR © 40348 


Si n-p-n single-diffused type used in a wide variety. of low- and medium- 
power applications where medium- and high-voltage power transistors are 
required, such as switching regulators, converters, inverters, relay controls, 
oscillators, and pulse and audio amplifiers. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


ROMCCIOE=1LO=B ASE: VOlTA RE  2.....0ccccs cnrsascossasssvacsessaseovsceueevectaceconds Vczo 90 Vv 
Collector-to-Emitter Voltage: 

MYR SE SEAL SSO ANS Soke Ra Per EEC VcrEv 90 Vi 

ISIE OVOYETGT 7S Se 8 SAR aa ee A i a Sa en VcKEo 65 V 
PAMIGLCE SL O=I ASCH VOLTARLE. siicsscccsozesschesceecestscsocvecusscsssvedosectenacoen VEBO 7 V 
PU EC aT UTI cocoon, oes cc niecchcssdcnccdonnedevtenicevadsssnscdGancSbobecsetos Ic 1 A 
ES AS CMO TIC CTN re Moe Le ee, Se lessisvaseasdecont#es vances In 0.5 A 
Transistor Dissipation: 

TESS WEG TO oo BOSC Gos ea ee Pr 1 WwW 

SEER CIE ices rncsaccscSecesaccesesessonwaervee Pr WwW 

Ta and Tc above 50°C Pr See curve page 112 
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MAXIMUM RATINGS (cont’d) 


Temperature Range: 


RCA Transistor Manual 


Operatin gi TUN ction ieee ee etessslcsccceese cote tecareaenen aver tees Ts (opr) —65 to 200 Ue 

StOragce meee a es TS reese ee Lae aca TstG —65 to 200 -C 
Lead-Soldering Temperature (10 S MAX)  .....cceecccsescteeeeee TL 230 °C 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 

MBBS e elt WV eke OTT AEE rn aN EY et ean eee tees Vcev (sus) $0 min V 

Te 850 Tal ale asi, Yes ees, ee Sle ae Ca eae Ae Vcro (sus) 65 min V 
Collector-to-Emitter Saturation Voltage 

(Tee S300 RHA let] vs0imA) Boe es Vcr (sat) 0.75 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 300 mA) ..... VBE 1.3 max V 
Collector-Cutoff Current: 

Vent" 607 Vi7 rin = 038 Tete 25° Core Ere eee Icro 1 max pA 

Vien i==*603V Tai. OsT a i=1150°O@ esa ee. aa Icro 3 max mA 
Emitter-Cutoff Current (Ves = 7 V, Ic = 0) «0... Izzo 10 max LA 
Static Forward-Current Transfer Ratio: 

View a5 45V 0165300, As pid Lee ath aie 4 hre 30 to 100 

Vieni toe NatilG = oly Avene ie Poe ei One ee hrep 10 min 
Thermal Resistance, Junction-to-Case o.......cccceeeeseeeeees Os-c 20 max °C/W 


TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 40348 
CASE TEMPERATURE (Tc)=25°C 
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Sin Dac de bal) EE 
BASE MILLIAMPERES (Ip)=! 


) MT Tee PE ee 
COLLECTOR-TO-EMITTER VOLTS (Vog) 


92SS2323T 


COLLECTOR MILLIAMPERES (Ic) 


eel 2 
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40348V1 POWER TRANSISTOR 


Si n-p-n single-diffused type with an attached heat radiator for printed- 
circuit-board use in a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors for switching regu- 
lators, converters, inverters, relay controls, oscillators, and pulse and audio 
amplifiers. JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This type 
is identical with type 40348 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


FRA WUD 401 62 ieee ate oh Ncats ecrnunee eniaoerrene eee Pr 4.3 WwW 
oa pi Be Og ts aha Aad oe eel EE ibeys halle et pte, Boecelygtil A! enacts Pr 8.75 WwW 
Ta or Tc above 25°C spetnees den letas Goeiosovuntdesbadeeat suede qunctvencaaeertcs Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient  coecccccccccocsooss Os-a 40 max °C/W 


40348V2 POWER TRANSISTOR 


Si n-p-n single-diffused type used in a wide variety of low- and medium- 
power applications requiring medium- and high-voltage power transistors 
for switching regulators, converters, inverters, relay controls, oscillators, 
and pulse and audio amplifiers. JEDEC TO-5 (with flange), Outline No.3. 
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Terminals: 1 - emitter, 2 - base, 3 - collector and case (with flange). This 
type is identical with type 40348 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


LEB. TRS)” TRO PAST Co RR sf a en Pr 11.6 WwW 
MN RR ph cad Goo Sennen gnc dt Sncatlo geneavaeae saeenseacsousaseucsoredenmos Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Case oo... @1-c 15 max °C/W 
POWER TRANSISTOR 40349 


Si n-p-n single-diffused type used in a wide variety of low- and medium- 
power applications where medium- and high-voltage power transistors are 
required, such as switching regulators, converters, inverters, relay controls, 
oscillators, and pulse and audio amplifiers. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


OMECTOR=0O=D ASC VOILA SC oo. .liccccic.cssccocccosseessssccosessedeesecesscvencs ~ Vcso 160 Vv 
Collector-to-Emitter Voltage: 

WARTR Sesh LESS WA, Se ass an ie pep ee li ei Oe eRe AAP IR ae Vcrv 160 V 

BYE) GYD EVRY | Saree aera EN eta ea a eh a rn eae VcEO 140 V 
BAMIELEG=tO= ASC. VOLTAGE. ci sdcceccncaesesccccetese dae cctdesedeselsssteeveeetons VEBO 7 V 
WP OMOCCLO TRO UILECM Ged ca. os os c8o sone eishe ses casa dsbe 8 she cack neds daa hnae cdeRee eedlsk es Ic 1 A 
ey eA OME ER OLY CME tes occas colo eee ra cee cocs sosndoccccssessiduciceesersiévlescnbchinstecscecete Iz 0.5 A 
Transistor Dissipation : 

SUN AUR) UXO) OST 0 O20 ANGE Re eee nh 710 ai i Ne Oe oe ae Pr 1 WwW 

MND Nice ooo ac Sensinn spocone vosvanas sage oeSvasiaueocescdSeoteszaedes Pr 5 W 

PENG Ati CHM GMAW OVE 00 Co orsiccccrerccthscouesetcsecnden cease cee Pr See curve page 112 
Temperature Range: 

OWS AwUIT ae (UIT CEION)) oie. cncsecsvscsdecseosssseevecedesuecozccocevacondodesueess Ts (opr) —65 to 200 SC 

SSH MIDLINE RCE eee Ss osc cand on bvcdedsdevcscccecsleessuvactacsviecseslectuedos TstTc¢ —65 to 200 £C 
Lead-Soldering Temperature (10 s max) ......ceee eee Ay 230 °C 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 

TE 3 SR IS aie ip 0-0; GR Vcev (sus) 160 min V 

eee PREAH OD cso cero vuseaponessececacssacecbasscascesccvecsecnaseeesss Vcro (sus) 140 min Vv 
Collector-to- Emitter | Saturation Voltage 

lene is, ES TAN). easier. een Vcr (sat) 0.5 max V 
Base-to-Emitter Voltage (Vce = 4 V, Ic = 450 mA) VBE 1.1 max Vv 
Collector-Cutoff Current: 

ire OO Ver bn On he OO eiicvec Selecesttinc ccthesedeeseiacise Icrko 10 max uA 

Nem — 1100, VV, Ven = 1:52V;,7 Tes 150°C ..... sr mserh aren Icrv 1 max mA 
Emitter-Cutoff Current (Ves = 7 V, Ic = 0) ceeeseees Izzo 10 max HA 
Static Forward-Current Transfer Ratio: 

Vice 4 a es et Oe MN Ag ee ee hrer 25 to 100 

erate Te FADO PTA io ccke caress Ws acus oc dasecadvanseusnstio hre 10 min 
Thermal Resistance, Junction-to-Case o.....cccccccccessseeeseees @s-c 20 max °C/W 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL DC FORWARD-CURRENT TRANSFER 


TYPE 40349 RATIO CHARACTERISTICS 


CASE TEMPERATURE (Tc)=25°C 
MILLIGNPERE PERES (Ip) =4 


TYPE 40349 
COLLECTOR-TO-EMITTER VOLTS (Vcg)=4 


DY) 
aS 
o 


ip) 
fo) 
oO 


COLLECTOR MILLIAMPERES (Ic) 


eT 
FPP 


COLLECTOR-TO-EMITTER VOLTS(VcE) ol 2 468 ae 
92SS-2324CT 0.1 * {00 

COLLECTOR MiLLIANiPERES (Ip) 
92SS-2330CT 


40 a= 


DC FORWARD-CURRENT TRANSFER 
RATIO (hee) 


316 RCA Transistor Manual 


40349V 1 POWER TRANSISTOR 


Si n-p-n single-diffused type with an attached heat radiator for printed- 
circuit-board use in a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors for switching regu- 
lators, converters, inverters, relay controls, oscillators, and pulse and audio 
amplifiers. JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This type 
is identical with type 40349 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


UALS LO oad (Oo 2 set on bat Mer vecnt ere Sevibdetonneitecae eisehomoutnant cots Pr 4.3 WwW 
Tc PUP toe Za GC RS ORAL EE Thee ches Pr 8.75 WwW 
PE AOTC | BOOM CLG Ge Mes. oc tnaltian ewes ee smuatetad Minas. Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient  ...............00 Os-a 40max °C/W 


40349V2 POWER TRANSISTOR 


Si n-p-n single-diffused type used in a wide variety of low- and medium- 
power applications requiring medium- and high-voltage power transistors 
for switching regulators, converters, inverters, relay controls, oscillators, 
and pulse and audio amplifiers. JEDEC TO-5 (with flange), Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case (with flange). This 
type is identical with type 40349 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


OD eb oe ais cczater vasises tele mee ane cccaneeee cnet tt age Mie sles Pr 11.6 WwW 
SEO PADOVE Maw: Cease estcetu ste ee encueeitac tee ieee ieee an ee Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Case .......ccc.ccccsssceseseceeecees Os-c 15 max °C/W 


40350 TRANSISTOR 


Si n-p-n type used as an rf amplifier in tuners covering television channels 
2 through 13. Outline No.27. Terminals: 1 - emitter, 2 - base, 3 - collector, 
4 - connected to case. 


MAXIMUM RATINGS 


Collector-to-Base Voltage wivsccccccccccccccssccssscssscssssesscccescesssces Vcso 35 Vv 
Collector; "COrrent irre. ok care ste A icc eee Ic 25 mA 
Transistor Dissipation: 

J NSE 8} EG oe | Ui 4S Cae ge ee a Renae a UES Oe RCL) SRT ERE ct te Pr 180 mw 

Ae ADOVOM io Cie eu atric kOe We Ae ha MT See Pr See curve page 112 
Temperature Range: 

Operating) Cd (ie thony) 5.ci. cs whoop cess Po ehes cocktcdsctowtaet Ts (opr) —65 to 175 °C 

SUOFA RE. iE Ty be ehicichscctendh ldotetcP cic teatn Mead ck ee Tstc¢ —65 to 175 2G 
Lead-Soldering Temperature (10 s Max) o.eeccccccesceseeeee TL ‘ 255 Cc 
CHARACTERISTICS 
Collector-Cutoff Current: 

Vor jet LDV Te 0c ace, tte ate emtene abel ssi nin etter eae Icso 0.02 max pA 

VER t= OObV i ie sc a Benet te Seu eae ae Icso 1 max LA 
Emitter-Cutoff Current (Vise “3°V, Iov= 0) oe Texso 1 max LA 
Static Forward- Current Transfer Ratio 

(Vcr = 6 V, In SFUNITUAS IGS ccessc cence eecna cach voce neste asceses hre 40 to 170 


Gain-Bandwidth Product Von = 6 V, In = —1 mA) fr 800 Mc/s 
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CHARACTERISTICS (cont'd) 
Input Resistance (Vcz = 10 V, Ir = —3 mA, 


REE RUSE ED | Poca acs ven pies sn cdnosasdendl ad shapeosaenasvisesnbecdocouvesecscues Rie 110 Q 
Output Resistance (Vcz = 10 V, Iz = —3 mA, 

f = 216 Mc/s) Sakubaeevetnusue dhendapadcddaes Cisne nmcadsdvdere cesdasiccavesnedapes Roe 6 kQ 
Extrinsic Transconductance (Vcr = 10 V, In = —3 mA, 

PE ML SED oickss od-V ek josvesactetienvvs sdhsucnoiil Gashedeb ble aabtncboseece £m 48.2 mmhos 
Noise Figure (Vcz = 10 V, In = —3 mA, 

Rs = 100 Q, Re = 100 QO, f = 216 Me/s)  oeecesccececeseee NF x3 dB 
Collector-to-Base Feedback Capacitance 

(Vcz = 10 V, In = —3 mA, f = 216 Mc/s) ...... Ceb 0.5 pF 
Maximum Available Amplifier Gain 

(Ver — 10 9; In = —3 mA, f = 216°Me/s) 0h. MAG 25.8 dB 
Maximum Usable Amplifier Gain, Unneutralized 

(Vee 20) V7 1n = —3 mA, f = 216 M/S)» veccscsveddecc MUG 13.4 dB 
Maximum Usable Amplifier Gain, Neutralized : 

(Von. 10 V, In = —3 MA, ‘f' = 216 Me/s) © cisecscccdeecics MUG 18.5 dB 


TRANSISTOR 40351 


Si n-p-n type used in 45-Mc/s television if amplifiers. Outline No.27. Termi- 
nals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. 


MAXIMUM RATINGS 


COleCtGr=tO-aSe),. VOItA Ge ooo cai. ccclcedacealescaccdececcasclocccecssevete Vcso 35 Vv 
SINNED ING oie n00 0s cvnnssdnasgapsnocidceotsessoeesvsscsensceseerascceden uecne Ic 25 mA 
Transistor Dissipation: 

lS gtr ay OG RR SS SH i a ce Pr 180 mW 

RMU NMSSM nc ls «coon rca cee Moakoccancsetasuatdicemm edodanecuoterstees. Pr See curve page 112 
Temperature Range: 

are eR REPO TION ) 55.0520. Soselioss cosoncicelsaedesdcctuccedtoated teens Ts (opr) —65 to 175 ig Cs 

SSUES ELS, oon ee Bech nA i eo ere TstG —65 to 175 of Cs 
Lead-Soldering Temperature (10 S MAX) w.ccccccceeees Tu 255 2C 
CHARACTERISTICS 
Collector-Cutoff Current: 

Rta Eee PNM COE Tg oR) 25. 5c a rens vec seecaucea ccucowedcuottier Mroarcaduessteevosceves Icso 0.02 max pA 

Sdn MES MN E D eme Q Noh oe ecg cs sad cotnccsodscastcelk csosdbekoccote Icso 1 max pA 
Emitter-Cutoff Current (Ves = 3 V, Ic = 0) ....uuu. IEBo 1 max wA 
Static Forward-Current 'fransfer Ratio 

rr eee ip Ray md TYAN ee, oi ss eccelaponctnnsceneccssenecegersoes hre 40 to 170 
Gain-Bandwidth Product (Vcr = 6 V, Im = —1 mA) fr P 700 Mc/s 
Input Resistance (Vcr = 12 V, Iz = —4 mA, 

Set Meee NINES 1) sts cfc tee <2 os ccs sess cede cs c dbccs Wes de'dcggpake coos dsodiweeevsecvs Rie 410 Q 
Output Resistance (Vcr = 12 V, In = —4 mA, 

Bee BOEE WEY LES IS pide Becca bet cts cou onc sdvacedoccccnccedeun heats sce Uti Roe 36 kQ 
Extrinsic Transconductance (Vcr = 12 V, In = —4 mA, 

FE SSE UN, CUA C OUI) SA Rs, aaa ra ie Gn re £m 97 mmhos 
Collector-to-Base Feedback Capacitance 

Vee 12°, Te = —4 mA, f = 45 Me/s)  ......c.ccccecseess Cen 0.5 pF 
Maximum Available Amplifier Gain 

(Voce = 12 V, ize = —4 mA, f = 45 M/S)  ovcvecccc..ccccccess MAG 45.4 dB 


Maximum Usable Amplifier Gain, Unneutralized: 
Vce = 12 V, Im = —4 mA, f = 45 Mc/s 


ON eT PS GAP Ce ee Gece cis. ge es cat ec fae SP Beads Hoe uk eked Cees cosuecbwaaes MUG 23.3 dB 
MPM SU LA OG Bee toa SN Ryle scans She tevanssedccyosesscoceeacthce: caccCoecn aves MUG 21.1 dB 
STAVE MARS LAGE OS siete 95 oS. oh adcck cass bonaceadpasauasvardescoacucsanat cts siepecs MUG 19.3 dB 


_Maximum Usable Amplifier Gain, Neutralized: 
Vcs = 12 V, Im = —4 mA, f = 45 Mc/s 


NTL REMUS CAE CR ies ca cad lac aetocands cod SAM ocatelhcete Bre Bosse lenotis doances’ MUG 28.4 dB 
LD Oty Ad oss si A re AR tL RO a Oa RET rae ie MUG 26.2 dB 
WIESE ay gS Ina EC an aN ea OE MUG 24.4 dB 


TRANSISTOR 40352 


Si n-p-n type used in 45-Mc/s television if amplifiers. Outline No.27. Termi- — 
‘als: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. This type is 
identical with type 40351 except for the following item: 


CHARACTERISTICS 


Static Forward-Current Transfer Ratio 
Rees neo ODE — TAN oe occas Spicediadesdeveceduanededdbeveavectous hre 27 to 100 
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40354 TRANSISTOR 


Si n-p-n type used in video-output amplifier stages of black-and-white tele- 
vision receivers. Outline No.27. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage ..c.ccccccccccsssssssssssccccessssnsssseeees VcEO 150 V 
Emitter=to-Bases Voltage iiciccssccccsecacesessoccto eee Sore VEBO 5 V 
CotlectOrBe ur enter i hoes ct anecentssoson ee Ic 50 mA 
Transistor Dissipation: 

ABN hye) 10) etapa Gok oe ee Ae ee ee ee ena PRE ae Pr 0.5 WwW 

PAM AD OV. Cre a Prcirsdeses ser calens hoveteec sacsese eons tote cence eee eee Pr See curve page 112 
Temperature Range: 

Gperatin Sa CUUN CHON  cccsccsececsecesocceeee ee eee eons Ts (opr) —65 to 175 Le 

SOLA emer arse ce ccctivlassecscnedcovocusnosnescssceith vsnsiee ates cee TstG —65 to 175 we 
Lead-Soldering Temperature (10 Ss max) on... eee TL 255 °C 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Toes mA B20) ee ee a eee ee ee VBR) CEO 150 min V 
Emitter-to-Base Breakdown Voltage 

(In? =10 A, Ici = 0) =... Boca chareaccecsccSue eae te aortas V (BR) EBO 5 min V 
Collector-to-Emitter Saturation Voltage 

(les S30EmMA~ Tre Vom A ete ret eee Vcr (sat) 5 max Vv 
Collector-Cutoff Current (Vcs = 120 V, In = 0) ........ IcsBo 100 max V 
Static Forward-Current Transfer Ratio 

GV.icne= LOR Ve Tod Op MA lite. ca cc ace ccet te te eee, rere hrs 50 
Collector-to-Base Feedback Capacitance 

(Vow Sal0y Voce) 31 SOSA eee nes. took. Cer 3.5 max pF 
Gain-Bandwidth Product: 

MCRL a V eC Te BOs Pe ee teee car ete ee fr 50 min Mc/s 

Vienna 40 SV lowe he Tm APS. Breen <e toy fr 50 min Mc/s 
Thermal Resistance, Junction-to-Case .........ccccccssccesssceeeeee @s-c 60 max °C/W 


40355 TRANSISTOR 


Si n-p-n type used in video-output amplifier stages of black-and-white tele- 
vision receivers. Outline No.27 with heat sink. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is identical with type 40354 ex- 
cept for the outline and the following item: 


MAXIMUM RATINGS 


Transistor Dissipation: 
TAWUD) AG's 29 CugUe ene, ca ., ait dried Loeb: asda ieee Pr 1 WwW 


40360 | POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics and transfer- 
characteristics curves, refer to type 40309. 


MAXIMUM RATINGS 


. Collector-to-Emitter Sustaining Voltage .00......cccceeeeee Vceo (sus) 70 V 
Emitter-to-Base Voltage . ......ccs..ccscsscsssssccssesssccsscsessccescoosscesscoees VEBO 4 V 
COMECTON NO UTLON etc ccreS cvidicac that eitsr erie ee, Meek Ic 0.7 A 
Base eCur Tents eee en ee ee In 0.2 A 
Transistor Dissipation: 

ER WUD MOE COCO MIAN, eel a hcsituecke te Leas eee Pr 1 W 
Om UD Us tomes (Cte i oe NE el le a Pr 5 Ww 
TA (ANG Pe! Above 25 °C tetris, abcess fires ciarsss sats csccecosnuotsecacts Pr See curve page 112 


Temperature Range: 
Operating #@Junetion) < 2.2ci5ce cs Bech entuss taanccvccertaaesexce Ty (opr) —65 to 200 Ae 
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CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 


Se IMEMIMER Ry BMS SOD) oh ohn. x cs crecloiwcccscewocervancveseconceeveccvecve VcEo (sus) 70 min V 
Collector-to-Emitter Saturation Voltage 

Te ES SI IT EE 6 0 Vcr (sat) 1.4 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 10 mA) ..... VBE 1 max V 
Collector-Cutoff Current: 

ee Me Rio OT a 25 O CO occ ei chs cavcesaceoccccoscsocaccesstts Icrko 1 max LA 

Mom oueys te) 0, To = 150°C Wk eee th on ae. Icro 250 max bA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) uuu. Izso 1 max mA 
Static Forward-Current Transfer Ratio 

Serer Mes ass PO) PY ooo scocc soa vende dacekckedootecbecceeeennck hrr 40 to 200 
Gain-Bandwidth Product (Vcr = 4 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case oo......ccccccccscscscesseees Q@s-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient ...........ccccccccccce Os-A 175 max °C/W 

POWER TRANSISTOR 4036] 


Si n-p-n type used in audio-amplifier inverter and driver stages for eco- 
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics and transfer- 
characteristics curves, refer to type 40309. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


iter e200. ONE 028s... Vcrr (sus) 70 Vv 
Emitter-to-Base Voltage VEBO 4 V 
Collector Current .........0000.... Ic 0.7 A 
on REE Noirs 0h cL. cis ccc anapnopnnvanssrasvstius cv denctanedeiee sncsseaveces Iz 0.2 A 
Transistor Dissipation: 

SRNR ele passa hs fon ars odeutu ce Sinn Sechenchccssoncoreceay Gakoetedaaces Pr 1 WwW 

eM A lace 5 aFran tg icevaevsuateund lucssoonsataesicaredvaVesenyasvesee Pr 5 WwW 

SR MOEN AT, IOVS 5 OC ricco. ccicsscnsecssececonececcavescsentecsaserdcadevssee Pr See curve page 112 
Temperature Range: : 

Ree TU IEITIOUIONL ) — «.. ooo, oncudoacs<sscrceessacconsnacsscacocelodstaecndcenoavs Ts (opr) —65 to 200 ng Os 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Sustaining Voltage 

ee a 100 9 A.) eo eacis cs ccs cnsctacopecscoessovcdecosces Vcerr (sus) 70 min V 
Collector-to-Emitter Saturation Voltage 

Ree EC EO TAL) oii. oo eo cnccenscoccccsdeccosboccecsennsce Vcr (sat) 1.4 max V 
Base-to-Emitter Voltage (Vcz = 4 V, Ic = 50 mA) .... VBE 1 max V 
Collector-Cutoff Current: 

Woe =.60,V, Raw = 200 O,- Te ma 25°C “einccccvicccsscccceseve Icer 1 max LA 

Vea = 60-V, Ren — 200 0, Tor 150°C oc....ccccscsecccecss IcrrR 100 max pA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) ou... IrBo 1 max mA 
Static Forward-Current Transfer Ratio 

Ch OED Co" ES 9 0 gp ne e hre 70 to 350 
Gain-Bandwidth Product (Vcr = 4 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case oo.....cccccecesssceseeees O@s-c 35 max °C/W 
Thermal Resistance, Junction-to-Ambient ..................000.. Os-A 175 max °C/W 

POWER TRANSISTOR 40362 


Si p-n-p used in audio-amplifier driver stages for economical high- 
quality performance. Designed to assure freedom from second breakdown 
in the operating region. P-N-P structure permits complementary driver 
operation with a matching n-p-n type such as 40361. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. For collector-character- 
istics and input-characteristics curves, refer to type 40319. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


Me BI i hss bP eae So crcl chi au dnc vububcateacasase Vcrr (sus) —70 V 
BRVAIECOE MUO ESASC VOILARC  .......4,:0.cccccescsorssccoscsscseccccnsnceensedosoncesoss VEBO —4 V 
aan RP SME STEEN 0 aca aon eaposeasvevevestespsagonvoenecvovetsiavsshcenss Ic —0.7 = 


et cep N We Po act lar ec aca: gcse da'néseneluwvinesdescesncacedcecseecesede Is —0.2 
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MAXIMUM RATINGS (cont’d) 


Transistor Dissipation: 


TAP UPR LO 20 2 Ch sear ree ces ccecen cist sbnete ccs ae aee neh ee Pr 

PL OMUD UOT 2 Ce acca caosccoerse saeco devsateevesupdveneens ee ren act oe ness Pr 

TAP ANGw COmRADOVE (225 7 Ca ee le octet eee ee Pr 
Temperature Range: 

Operating (Junction) asec. Pere careless Ts (opr) 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Reet 5200903 1G 2100 FIA ecco ereees cree rece: Vcrr (sus) 
Collector-to-Emitter Saturation Voltage 

(ipc=- 1 53mAryloya— 1507 MA) eee en Vcr (sat) 
Base-to-Emitter Voltage (Vczr = —4 V, Ic = —50 mA) VBE 
Collector-Cutoff Current: 

Vicne—i1—008V-— REE +200, 0,8 CC) eb Ce ee ee Icer 

Vicne—7—608V;, Ren — 200.0) Too — 50°"... Icer 
Emitter-Cutoff Current (Ves = —4 V, Ic = 0) ou... Izzo 
Static Forward-Current Transfer Ratio 

(Vieng t—4 Vi. Sic ==" — 50m A) eee ee hre 
Gain-Bandwidth Product (Vcr = —4 V, Ic = —50 mA) fr 
Thermal Resistance, Junction-to-Case ...........cccseeccceseneees QOs-c 
Thermal Resistance, Junction-to-Ambient .00................0608 Os-a 


40363 
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1 WwW 
5 W 
See curve page 112 
—65 to 200 TC 
—70 min V 
—1.4 max V 
—1 max V 
—1 max uA 
—100 max uA 
—4 max mA 
35 to 200 
100 Mc/s 
35 max °C/W 
175 max °C/W 


POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier output stages for economical high- 
quality performance. Designed to assure freedom from second breakdown 
in the operating region. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - 
base, 2 (E) - emitter, Mounting Flange - collector and case. For collector- 
characteristics and transfer-characteristics curves, refer to type 40325. 


MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 


CECB Se) 200 EOD) Re oe eich edet siceeae incertae nen nates VcEr (sus) 
Emiitter-(o-Base > Voltage  o22.o.isdecc.esccoteasdecotses dnsconsscbeausevevehestoes VEBO 
CollectonBCurrents errr rr ee Ic 
Base” Curren’ Woo oiiise. io cccsisccasscsusdeskacstos ee tease a ee Iz 
Transistor Dissipation: 

4 Wold Dh ov enter o-As by Ore te a Aaa teiee ee ae ont PR gee bee DR en aoa lh eg Pr 

LC @ ADOVEMELO ~C gate errs ene cee en eee Pr 
Temperature Range: 

Operating? CJUnCtiON) ete as. Ts (opr) 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Rew, — 200,03) fe *=*200 sm) 5 eee a Vcrr (sus) 
Collector-to-Emitter Saturation Voltage 

(TovesP AzA ins 047A). Set eee oe ol oe oe Se ed Vcx (sat) 
Base-to-Emitter Voltage (Vcme = 4 V, Ic = 4 A) wo. VBE 
Collector-Cutoff Current: 

Vex =i608V i Ree ="200 OfTo = 25°C) on ee IcrerR 

Ven ==160 4V Rar = '200)/05To == 150°C: ree te IcmrR 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) ou... Izzo 
Static Forward-Current Transfer Ratio 

(Vcr Pac hihetat4 Ay. She Ce a |S gees Peas hre 
Gain-Bandwidth Product (Vcm = 4 V, Ic = 3 A) ........ fr 
Thermal Resistance, Junction-to-Case ....ccccccccssccesscessceeeees Qs-c 


40364 


70 V 
4 V 
15 A 
7 A 
115 WwW 
See curve page 112 
—65 to 200 AO: 
70 min V 
1.1 max V 
1.8 max V 
0.5 max mA 
2 max mA 
5 max mA 

20 to 70 
700 ke/s 
1.5 max °C/W. 


POWER TRANSISTOR 


Si n-p-n type used in audio-amplifier output stages for economical high- 
quality performance. Designed to assure freedom from second breakdown 
in the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - 
base, 2 (E) - emitter, Mounting Flange - collector and case. 


MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage 
(Rsze = 150 QO Vcrr (sus) 


VEBO 


SAPO SOSH eee TEETER EE EEE HOES EEE HH OOOOH SEEEESOEEE ESSE EEE EEEEE ESSE ESEE® 


60 
4 


<< 


, 
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MAXIMUM RATINGS (cont'd) 
MP UEERC UCTS LER DCIA GET o. 22. cocecksacdccesceehesaccvessdeoct avdoesecesdesescaesecsedbasseecs Ic 7 A 
(PERISGNUGLOTE Wy oe eae an ee en ree Is 5 A 
Transistor Dissipation: 

SMES ERENT 925 carpets cncicx std songs i@idugootseasaadeesusverssesvesessdcaovens Pr 35 WwW 

IN ENE foes Sooo gS o cian San vnseaspsasvnncespueibnessetbaesdoecbasdseses Pr See curve page 112 
Temperature Range: 

Nahe SRP MM MRD PER PALTEOAMOND } = 52205. 255 cyoiscatsscecccccsedcscessedaats seadssetdsvcecctee Ty (opr) —65 to 200 Sc 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Emitter Sustaining Voltage 

aera tip eR BC > 200 ANAL) oo ocess hose cccesssseccasneseccocesecceees Vcrr (sus) 60 min Vv 
Collector-to-Emitter Saturation Voltage 

RONG eae ed PER EES) —— Op AA) ivascsccaccecsdesccseicvssecschsscstessocaeseseccd Vcr (sat) 2 max V 
Base-to-Emitter Voltage (Vcm = 5 V, Ic = 2.5 A) ........ Ver 1.8 max V 
Collector-Cutoff Current: 

Mere o0 av. atten, —-150 Qo To "25°C eee IcrerR 0.5 max mA 

Mem 7005 V.-Rem = 150.0, Te:= 150°C ......c.A ccc Icrer 2 max mA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) Irso 5 max mA 
Static Forward-Current Transfer Ratio: 

Rac neem ee —— O65 AN eee errr ee eae hre “35 to 175 

Rese MS ON MOE Ce eb AN avs cs checenccsccsacccoeccesvecsoUedkcuctavdoasiceeeweses hre 20 min 
Gain-Bandwidth Product (Vcr = 10 V, Ic = 2.5 A) fr 15 Mc/s 
Second-Breakdown Collector Current (Vcr = 40 V) .... Is/v 750 min m 
Thermal Resistance, Junction-to-Case oo......ccccsesccecssccseeeeees Os-c 5 max °C/W 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 40364 
Oo = 
= e) 
a ees 
va 4 
a 54 
= a 
: z 
o pee 
= ro) 
oO iad 
Ww 3) 
3 w 2 
ro} | 
° ro) 
Oo | 


3.5 


OS Ore (5 120 pesesso 
BASE-TO-EMITTER VOLTS (Vge) 
92SS-2202CT 


POWER TRANSISTOR 40366 


Si n-p-n single-diffused type featuring a base composed of a homogeneous- 
resistivity silicon material. This type is subjected to special precondition- 
ing tests for high-reliability operation in medium- and high-power switching 
and amplifier applications in military and industrial equipment. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 
This type is identical with type 2N2102 except for the following items: 


MAXIMUM RATINGS 


.@) 2 4 6 8 10 12 14 fo) 


COLLECTOR-TO-EMITTER VOLTS (VcF) 
92SS-2227CT 


Lead-Soldering Temperature (10 S MaX) owen Tu 255 “AC: 
CHARACTERISTICS (At case temperature — 25°C) 
Collector-to-Base Breakdown Voltage 

een Ne —— OLD IMAL) ooo occ cccclssteacsscocetestetoroes VBR) CBV 120 min V 


POWER TRANSISTOR 40367 


Si n-p-n single-diffused type featuring a base composed of a homogeneous- 
resistivity silicon material. This type is subjected to special precondition- 
ing tests for high-reliability operation in medium- and high-power switching 
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and amplifier applications in military and industrial equipment. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 
This type is a high-reliability version of type 2N1482. 


MAXIMUM RATINGS 


Collector-to-Base Voltage o....cccccssssccesscsssecccesscsessssessseesssssecees Vcgo 100 Vv 
Collector-to-Emitter Voltage: 

WV Bie nd Vac ere i cieree ar carnpuasicneraneestceetcseeet tereeices pemmiieees Vcrv 100 V 

BSASE ODOT sincgniessosccacsoussenareanteteinassteseschebtesctexasdetechulcaattiamtetesete VcrEo 55 V 
Emitter=to-Base! Voltage (occclicviccccsssscssseosecncoccccssccsesccsscsapecestove VEBO 12 V 
COLLECTORS CUrErenl Bye ceccusccrtetcstccsederse tetemtroncces ceoncertecenectecennecctore Ic 1.5 A 
ASC S CULTON rei cte a ccceree te ceeerrene eect tera ee receee cece eee Iz A 
Transistor Dissipation: 

oh By woh 8 f 8 esa We ehh SST lp asa vee peti ee dl Ak” Seed ecen nie this ae od hg Pr 1 WwW 

Wella 12 pk ic yt Oo tal te ier SI Bette Bl A rhino a NST Pr 5 WwW 

TA OLa rE Caml OVC. 200 Carte sras te kaececatsraentottreessoreentee ents Pr See curve page 112 
Temperature Range: Je 

Cierating — (JURCHON ) ee eee ee Ts (opr) —65 to 200 Cc 

CSG Fo) ee bd =a fel eam ee A pl ep rea A oho Rhos a patho re TstG —65 to 200 sc 
Pin-Soldering Temperature (10 S MAX) c.cccscscesceseeeeeees Tp 255 Cc 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage . 

Maing soe 125) V5, LOC 0.25 NA). eroccceecticncsecdtnctsccsesansesee Ver) CEV 100 min V 
Collector-to-Emitter Sustaining Voltage : 

cs SO INA Bee Oia se) ciel dein ok hececceh css Vcro (sus) 55 min V 
Collector-to-Emitter Saturation Voltage 

(lov? 200, mA. Us oO BAN Pees ccccscosess sets pesetesectiens Vcx (sat) 1.4 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 200 mA) ..... VBE 3 max V 
Collector-Cutoff Current (Vcs = 30 V, Im = 0) ....uu.... Icso 4max bA 
Emitter-Cutoff Current (Ves = 12 V; Ic = 0) ..u....... Izzo 2 max LA 
Static Forward-Current Transfer Ratio 

CVG a4 iV es Tes “200 PA). Boe ee a ee hre 35 to 100 

40368 POWER TRANSISTOR 


Si n-p-n single-diffused type featuring a base comprised of a homogeneous- 
resistivity silicon material. This type is subjected to special precondition- 
ing tests for high-reliability operation in medium- and high-power switching 
and amplifier applications in military and industrial equipment. JEDEC 
TO-8, Outline No.5. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 
This type is a high-reliability version of type 2N1486. 


MAXIMUM RATINGS 


Collector=to=Base. Voltage rit. ...c.ticccteccstecccsecescoccssoccseoeesdesacteone Vcso 100 V 
Collector-to-Emitter Voltage: 

Vin pare AS Va ey ne aes Recah dete ie Very 100 V 

ES ASO POPOIUR Sorc ere recta tecccttepecsctesceseusescioteccoeseolccrnt ek itototiomion ects Vcro 55 V 
Emitter-to-Base Voltage oo.c.......ccssscssssscsscssscsscscscessecssossscoees VEBO 12 V 
Collector” Curren ninth. 5 Sie ee. Recast os hae ee tenis Ic 3 A 
Base Curren Greta tevcctote sere cectit agin te cece oncs Soe oka dsecttetelss tedbentas In 1.5 A 
Transistor Dissipation: Pr See curve page 112 

TE yUpeto) SSF Coe | Nisei ish Ages tose RENO tach bas dee vada cane cet 

LS AO Vee eer Oe Bec latcrad Meese ees tas te aan ticbtces th anbtudeeetinadites deer Pr 25 W 


Temperature Range: 


Operating (Junction) —65 to 200 °C 


StOTa BeBe icse cs ciieceadiscstiesase oth eam ee —65 to 200 °G 
Pin-Soldering Temperature 235 Bi 
CHARACTERISTICS (At case temperature — 25°C) 

Collector-to-Emitter Breakdown Voltage 
Verh a- Lo eV lc O25 Si A) ee ee cs cateoeetenes Ver) crv 100 min V 
Collector- to-Emitter Sustaining Voltage 

C13 LOG TAL eB 0) oe cccecccansenseattecsctee ca cets cone teestiease eee Vcro (sus) 55 min V 
Collectorsto-Bmitter Saturation Voltage 

(leva voOrnrA ls) ws LOG MA Yur ror ctestccccdetarrecascceccncrseeernast Vcr (sat) 0.75 max V 
Base-to-Emitter Voltage (Vcn = 4 V, Ic = 750 mA) . VBE 2.5 max V 
Collector-Cutoff Current (Vcs = 30 V, Tm =A0)--seeeA Icso 9 max bA 
Emitter-Cutoff Current (Vrs = 12 Ves Ic = = 0) bat tae IzBo 5 max LA 


Static Forward-Current Transfer Ratio 
(Vow = 54 VP IG 2 750) MA) ee ee ee hre 35 to 100 
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POWER TRANSISTOR 40369 


Si n-p-n single-diffused type featuring a base comprised of a homogeneous- 
resistivity silicon material. This type is subjected to special precondition- 
ing tests for high-reliability operation in medium- and high-power switching 
and amplifier applications in military and industrial equipment JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
penze - collector and case. This type is a high-reliability version of type 
2N1490. 


MAXIMUM RATINGS 


BOICCEOL=COMESASC VOLTAGES o.o..c...5ckcscecccscsacosscccssostesccsoscscoscossooces VcBo 10 
Collector-to-Emitter Voltage: : ‘4 
BV OV, . oicsonsensdeeee VcEv 100 V 
Base “open “pt Ra irene Vcro 55 Vv, 
Emitter-to-Base Voltage VEBO 10 V 
Collector Current ................ sit Ic 6 A 
Bee SC Me CI ELOUI Mises reeves ees cee cs en kceshosniscus eevasiaecoeececuuccccsectesvsecsouosoeceseot Ip Ss A 
Transistor Dissipation : 
Be BRIO FNS Ss oea ss onaiactscvvsnsapsevessevtsasooie ms dnoathdedeceabeSceesaceabes Pr 75 W 
tic a vn assign sch cisonedsisjsaessbesientoivedpeusereckesorsaecrsese Pr See curve page 112 


Temperature Range: 


Operating (Junction) —65 to 200 we 

GE Meee tara cence cnn sancdannsnnodcronapsnoresedoncnsoossgbesactscraccces arg —65 to 200 °C 
Pin-Soldering Temperature (10 s max) T 235 CC 
CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

Veronese LO (0525 As) oes cssiesecencccestweesadeenccseeeveceess VBR) CEV 100 min V 
Collector-to-Emitter Sustaining Voltage 

Nee OO T NAG Tecra (0)) <0. Saccscasegevesccvess cgcsedvctencsvocecvovecsoaeos soos Vcro (sus) 55 min V 
Collector-to-Emitter Saturation. ay Cae 

cme et OO TAS TB — LOO YA ) =... ccc.ccsucescencenssnsenssvoccsaasccs Vcr (sat) 1 max V 
Base-to-Emitter Voltage (Vcr = 4 V, Ic = 1500 mA) VBE 2.5 max V 
Collector-Cutoff Current (Vcs = 30 Vv, Oe eeeeccncee IcsBo 10 max vA 
Emitter-Cutoff Current (Ves = 10 V, Ic = 0) ........... Sees IrBo 6 max vA 
Static Forward-Current Transfer Ratio 

Navies Viet Vo 1500 rt A®)® i. :.cccsesccceccsooseseseconsocceecbecoentes hre 25 to 75 

POWER TRANSISTOR 40372 


Si n-p-n diffused-junction type with an attached heat radiator for printed- 
circuit-board use in power-switching circuits, series- and shunt-regulator 
driver and output stages, and high-fidelity amplifiers in commercial and 
industrial equipment. JEDEC TO-66 (with heat radiator), Outline No.22. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case (with heat radiator). This type is identical with type 2N3054 except 
for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


SEP AMBET OTRO MES Cmts cc esis icecgescscsedeesuzanveds seasavaateccccsesvennenscctossscsesesees Pr 5.8 W 
SR RNA oi cas vay van cso etessnececbonaesinvessaecwendissnboveusco¥ar Pr 29 WwW 
RATOUME I CHADOV Ce ols Ci 2652. .scssaiusceosbsedepeseceuaccacsswotocnessoseasvoscesese Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient ..................cc00 @s-a 830 max °C/W 
Thermal Resistance, Junction-to-Case ..........ccccceeeeeeeseseeeees Q3-c 6 max °C/W 
POWER TRANSISTOR 40373 


Si n-p-n diffused type with an attached radiator for printed-circuit- 
board used in high-voltage applications in power-switching circuits, 
series- and shunt-regulator driver and output stages, and dc-to-dc 
converters in military, commercial, and industrial equipment. JEDEC TO-66 
(with heat radiator), Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, 
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Mounting Flange - collector and case (with heat radiator). This type is 
identical with type 2N3441 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation : 


MGAMAID) LPO. G. Vaca esas tasahenschssmernenedscecsenncebsenpdes eo ceasweansentaetenaneract Pr 5.8 WwW 
OVEUIDT R LO a pee sccetccatcecvesstetcoensctecttevesccutesicccocsontontetererenetivcrs Pr 29 WwW 
TPAWONE LE LADOVE Ec Cro Firececlocstes caraztoce tocssceseccstocetonscosstcssucders Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient ........................ OI-A 30 max °C/W 
Thermal Resistance, Junction-to-Case ou.......cccccccccceseescesesore Qs-c 6 max °C/W 


40374 TRANSISTOR 


Si n-p-n triple-diffused type with an attached radiator for printed-circuit- 
board use in high-speed switching and linear amplifier applications such 
as high-voltage operational amplifiers, high-voltage switches, switching 
regulators, converters, inverters, deflection and high-fidelity amplifiers in 
military, industrial, and commercial equipment. JEDEC TO-66 (with heat 
radiator), Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case (with heat radiator). This type is identical with 
type 2N3583 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


ALAID TO 20. Cri Sic sars cussed ecoseratensoneobedis cuviscogscsasaseanensarcapten nent Pr 5.8 Ww 
Oa UP PEO Waa C wis cossstseeentiecedeen sl cacserevdissuncapuudearvewdteosisavendieens Pr 35 WwW 
Tan OF MLOSBDOVE | 25°C. ....000h Recscacsviabdclevecteeheeacieccn acted Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient ............:cccccseees Qs-A 35 max °C/W 
Thermal Resistance, Junction-to-Case .......ccceccssccssssessscees Qs-c 5 max °C/W 
40375 POWER TRANSISTOR 


Si n-p-n epitaxial type with an attached heat radiator for printed-circuit- 
board use in audio, ultrasonic, and rf circuits and in low-distortion power 
amplifiers, oscillators, switching regulators, series regulators, converters, 
and inverters. JEDEC TO-66 (with heat radiator), Outline No.22. Termi- 
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case 
(with heat radiator). Thi§ type is identical with type 2N3878 except for 
the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


PL MERA ie, UF aed Wage ncenscinde adeververneoaiemee mente ne Pr 5.8 WwW 
BL Asia SRE MO GY Choe Geeks | | suscarsecest cusses Stevasccacestsccitccseetce: eet eect tnee Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient ..............scccc0000 @3-a 30max °C/W 
40389 POWER TRANSISTOR 


Si n-p-n triple-diffused planar type with an attached heat radiator for 
printed-circuit-board use in a wide variety of small-signal, medium-power 
applications (up to 20 Mc/s) in commercial and industrial equipment. 
JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 1 - emitter, 


Technical Data for RCA Transistors 325 


2 - base, 3 - collector and case (with heat radiator). This type is identical 
with type 2N3053 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 
25°C 


eR RET NNT nS gS Fa, ooo occ cco csscn' cdvecvocasavdessciduceaconosiecssosssseeoaccdenes Pr 3.5 W 
ER SR eae a chon ss wie cosnobhcegoisndsy sastuiok'evee ch qencatiitine Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient ou... sees Os-a 50 max °C/W 


TRANSISTOR 40390 


Si n-p-n triple-diffused type with an attached heat radiator for printed- 
circuit-board use in high-speed switching and linear amplifier applications 
such as high-voltage differential and operational amplifiers, high-voltage 
inverters, and series regulators for industrial and military applications. 
JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector and case (with heat radiator). This type is identical 
with type 2N3440 except for the following items: 


MAXIMUM RATINGS 


Transistor ope ; 


eS GAMA T CO gL ADM eh eh on ss5uisd 002 cccsatos dads sucsvedsvacedoauscbso8adsasesteecaoscbavsees Pr 3.9 WwW 
SERUM A EYES NEO ec ms acs cas ccaacaraSasssnsadscalstnashevticoasvocpieedoebosacts Pr See curve page 112 
CHARACTERISTICS 
Thermal Resistance, Junction-to-Ambient ..................0.000 Qs-A 45 max °C/W 
POWER TRANSISTOR 40391 


Si p-n-p double-diffused epitaxial planar type with an attached heat radiator 
for printed-circuit-board use in a wide variety of small-signal, medium- 
power applications in military, industrial, and commercial equipment. JEDEC 
TO-5 (with heat radiator), Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case (with heat radiator). This type is identical with type 
2N4037 except for the following items: 


MAXIMUM RATINGS 


Transistor Dissipation: 


Sra EY MRT MR BCA Oak i ecd coed eansncanervaops epnar ssi encohthoinns sddadnabsstaiaadeieesece Pr 3.5 WwW 
AMET NS WS MR eNag ete cece cccsdoeah otc cs scaabockeacsboavoeteedeveapoa avec ceseeseeeebesets Pr See curve page 112 
CHARACTERISTICS § 
Thermal Resistance, Junction-to-Ambient  ...............000 Qs-A 50 max °C/W 
POWER TRANSISTOR 40392 


Si n-p-n triple-diffused planar type used in a wide variety of small-signal, 
medium-power applications at frequencies up to 20 Mc/s. JEDEC TO-5 (with 
flange), Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case 
(with flange). This type is identical with type 2N3053 except for the fol- 
lowing items: 


MAXIMUM RATINGS 


Transistor Dissipation: 
PMA TON RLSM ABS ac o58 Posy ecu vovsivsssboseiveseoseuncecesoasansencsnsiecerbeescesceseS Pr 7 W 
SES NIE Odes hans ie creases desoceiasvecndsebsessecaheonsepbesevessvovestccbeese Pr See curve page 112 
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CHARACTERISTICS 
Thermal Resistance, Junction-to-Case .........cecsscessecceeeeeeee @s-c 35max °C/W 
40394 POWER TRANSISTOR 


Si p-n-p double-diffused epitaxial planar type used in a wide variety of 
small-signal, medium-power applications in military, industrial, and com- 
mercial equipment. JEDEC TO-5 (with flange), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with flange). This type is elec- 
trically identical with type 2N4037. 


40395 TRANSISTOR 


Ge p-n-p alloy-junction type used in high-gain low-level audio stages. 
JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 


MAXIMUM RATINGS 


Collector-to-Base Voltage  .2.............ccsssccsccccssssssscesdecsosocccssvsscees Vcso —20 V 
Collector-to-Emitter Voltage (Raw S 4.7 kQ) ............... VcER —18 V 
Fimitter-to-Base UVoltage vc c..ce cathe Le VEBO —20 Vv 
Collector: Current aos. iveies cases career te eee Ic —50 mA 
Transistor Dissipation : 

PE AASUP BLOM DOr. CR renters fice aetenens ctee oe etc tecteemes coectece eeee eee «3 Pr 120 mW 

A ADOVO 50. cacescsals Suncskien acesvucescteeeseeee Ree reer Ta Pr See curve page 112 
Temperature Range: 

Operating se (lUnetlOn Vai cere ee ance Ts (opr) —65 to 100 °C 

LOLA S Ca rree) ee eer rete Ae. Bee Mest voalsucesauaact dsvexcacesseeniea ts enevaeesneeeuese TstG —65 to 100 ce 
Lead-Soldering Temperature (10 S MAX) ous LG 299 °C 
CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (Ic = —1 mA, 

dey e0r mpm eee” 10 KO) oie csccncccteoskeectcteass certian eee V(BR)CER —18 min V 
Collector-Cutoff Current (Vcp = —20 V, Im = 0) ....... Icgo —12 max LA 
Emitter-Cutoff Current (Ves = 20 V, Ic = OE Ae IrBo —12 max BA 
Noise Current (Vcr = —6 V, Ic = —1 mA, 

f==3 0.05 4ton Ss tke/s)tec2e ce eee Se 10 max nA 
Small-Signal Forward-Current Transfer Ratio 

CVeree=n 65. Ve LCP MAY ee eee hte 170 min 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency ) (Vcn-=\—6 V,, Io = =P MA) ovissccsccscasverees- fneb 10 Mc/s 


TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 


TYPE 40395 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Tg)=25°C 
eee FREQUENCY =| iRe/s 


SMALL-SIGNAL FORWARD -CURRENT 
TRANSFER RATIO (hee) 


COLLECTOR MILLIAMPERES (Ic) 
92CS-13769T 


40396 POWER TRANSISTORS 
(Matched Pair) 
Ge p-n-p and Ge n-p- n types, in separate packages, with matched charac- 
teristics for use in complementary symmetry af output- amplifier stages. 
JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 
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MAXIMUM RATINGS 


Collector-to-Base Voltage o............cccscccccsssssssssssesesesees Vcso —18 18 V 
Collector-to-Emitter Voltage (Ran = 4.7 kQ) .... Vcnr —18 18 V 
Emitter-to-Base Voltage ooicecccccccsscsssssccesssssessessseseees VEBO —2.5 2.5 V 
RRO EEA BT IONIG 1 buns cecpiecyhconcepoenscnacdscaswsvescsacesseveensysancesss Ic —500 500 mA 
Transistor Dissipation: 

SNR RRR Satara oe cecn ccs keneviva chat ssctadbisdécsessabeceovnsstnnes Pr 300 300 mW 

BUA TAME MMM N TD Mo ce oo vs ccs acces worsosvensnueshoosecoasoeivessooses Pr See curve page 112 
Temperature Range: 

RR IEIEE FU MTITICEION ) oo ccescvecsveicsesconsccucecesnsscdosecnseve Tz (opr) —65 to 85 °C 

oR oleae di cs ps ckassaveceadueaacich soasdecacshactesvien Tsta —65 to 85 °C 
Lead-Soldering Temperature oo....ccccccccccscccsssssesseees TL 255 255 eC 


TYPE 40396 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (Tc)=25°C 


2 PULSE TEST: PULSE DURATION=s lOnts 
H DUTY FACTOR = 0.1 
” 

WwW 

ae 

# -300 

a3 

< 

= 

s -200 

5 

[v) 

= 

3 

Oo 


fe) 
“Fr TYPE 40396 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE (Tc)=25°C 
PULSE TEST: PULSE DURATIONSIO ms 
400 DUTY FACTOR=0.I 


300 


200 


COLLECTOR MILLIAMPERES (Ic) 


100 


COLLECTOR-TO-EMITTER VOLTS (Vce) 92CS-13770T 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ne a oe tem 4.7 eh cccccccsoeee Ver) CHR —18 min V 

LC Sy os 7 8 8 eee aly (Gd @ a pt ne VBR) CER 18 min V 
Collector-to-Emitter Saturation Voltage: 

TG A i IMAL oeenccedcadcceccncsoncsvsee Vcr (sat) —0.25 V 

Io = 250 MA, Ie = 25 MA cvecccccccccssscssscssssscsseereene Vcx (sat) —0.25 Vv 
Collector-Cutoff Current: 

Dery ree MINS RIO) 25, cccccsnnncdeacscacodatecescectossecccensses Icso —14 max uA 

Aare Ne NG) Wa) a ccavacscccccvsscocccebeosscocesensboscse ae Icgo 14 max LA 
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CHARACTERISTICS (cont'd) 
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p-n-p n-p-n 
Emitter-Cutoff Current: 
VBS a Vs EL Oe OO iiicccscscsetttttotaccocsestassctoowrece Izzo —14 max LA 
VB aso OPEV, MLO was * O). .c.coccecsvsscossseccoccttrneces tossesteeseaa Izzo 14 max uA 
Static Forward-Current Transfer Ratio: 
View =) DV 16 — 250; MA ra ee ieee hrr 30 min 
IV Che 8 LV Ca 250 VIP ee ckcthendocontaser evens hrr 30 min 
Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency: 
VCH? =0—62 VG5 Tomar aD Ay Riis acassscsootectcreetet fntb 1.5 Mc/s 
Vcnl=762.V, > TOF FOTIA acto tecscvcneerncee fneb 2 Mc/s 
40404 TRANSISTOR 


Si n-p-n epitaxial planar type used in vhf low-level class C rf amplifiers and 
frequency multipliers at frequencies to 170 Mc/s in communications equip- 
ment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 2 - base, 3 - 


collector and case. 


MAXIMUM RATINGS 


GCollectOr=tO-Base, VOlMABe re cccccccscccecteseccsqniencccocecectectuccstovoeseees Vcgo 40 V 
CoHlector-to-Emitter Voltage ou............... sscessssscsscecesssssceceeseees VcEOo 16 V 
Emitter-to=Baseye V OLLA LCi ai ricccosccsanctogscsteastoescsseecessstotecccteesaccanes VEBO 5 Vv 
Collector Curren Care orvcecceccecesicctevesctorsarececesrontsse tice cretancn tate teantencs Ic 0.5 A 
Transistor Dissipation: 

PRR MRUL PN ACO? Oey Cartes cts causa cptecaadpvacacnoat ot sobeccsskte secon snesesssedtvadiideene Pr 0.3 W 

EG Ups LO m2 Cie teres secces rnereon ccc ence ROCESS Te? Pr 1 WwW 

TWA ATIC MELO A DOV Cr: 20 Cais cots ccscncsty cacericernsnsancnersecnnsceseciseess Pr See curve page 112 
Temperature Range: 

Operating sc (TAT) = iccssnssBeccsstenctsvsstees steed cee teetensasesoottaceeteessts —65 to 175 °G 

STOL ALC ees cascade nce Suse suas acosscds senhecodenctasecueceticetacterduerviores TstG —65 to 200 °¢ 
Lead-Soldering Temperature (10 s MAX)  ............... sess Tr 300 °c 
CHARACTERISTICS 
Collector-to-Base Breakdown Voltage , 

(ove O TEIN AS Tip == 7 0) Vectecctersssccsssescteccerssottcesstvencnsanssanctrenees VBR) CBO 40 min Vv 
Collector-to-Emitter Breakdown Voltage . 

(Ic = 10 mA, Is = 0, tp = 100 ns, df = 2%) .............. VBR) CEO 16 min V 
Emitter-to-Base Breakdown Voltage , 

“(8 hai 1) Rie 9 > a Rotem 1) Un a te eee erenneeiecn V(BR)EBO 5 min V 
Collector-Cutoff Current (Vcsp = 20 V, In = 0) ......... Icgo 25 max nA 
Static Forward-Current Transfer Ratio 

CVcms 2 V716 ==" 50! TVA ip antec tenccrscrcncseseeanentscdres hre 25 to 65 
Output Capacitance (Vcs = 5 V, In = 0, 

FSO. tO 2D MC /S) Cees cock ccece rete en ceeee etter ec te sect cecoudactttnusee Cobo 4 max pF 
RF Power Output, Frequency-Doubler 

(Vcc = 12 V, Pie = 5 mW, f(in) = 43 Mc/s, : 

£(OUE) SBC SIMIC) Sr ni erc ee tese ct ctacereeeee ter eiteccenceaetts Poe 50* min mW 
* For conditions given, minimum efficiency = 35 per cent. 


TYPICAL OPERATION CHARACTERISTICS 


TYPE 40404 
COMMON-EMITTER CIRCUIT, BASE INPUT. 


= 600) AMBIENT TEMPERATURE (Ta)=25°C = 
3 COLLECTOR-TO-EMITTER VOLTS (Vog)=15 3 
FOOT fIN= fOUT . 
[va — a 
Wi 400 er 
oF z 
a q 
- 1300}- o 
a uJ 
5 | 200 = 
fo) 
. a4 
t 100 
0 
0) 20 40 60. 80 5 
RF INPUT POWER (Pjy)—MILLIWATTS 


92CS-13726T 


TYPE 40404 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Ta) = 25°C 
I6}0C COLLECTOR SUPPLY VOLTS (Vec)=I5 


fin = fouT 


100 
FREQUENCY (f)—Me/g, cs-is7err 
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40405 


Si n-p-n epitaxial planar type used in class C rf power amplifiers, drivers, and 
frequency multipliers at frequencies to 400 Mc/s in battery-operated com- 
munications equipment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 


2 - base, 3 - collector and case. 


MAXIMUM RATINGS 


Collector-to-Emitter Voltage: 
Base open 
Vse = 


Transistor Dissipation: 
Ta up to 25°C 
Tc up to 25°C 
Ta and Tc above 25°C 

Temperature Range: 
Operating (Ta-Tc) 
Storage 


CHARACTERISTICS 


Collector-to-Emitter Breakdown Voltage: 
Ic = 10 mA, Is = 0, tp = 100 us, df = 2% 
Ic = 5 mA, Rez = 0 


Output Capacitance (Vcs = 5 V, In = 0 
i= "0.1-to 1M 


SOHO H RTO HOOERTODE DOC EOTO OSLO EEE E DEE OOEH MESSE TOOH OED EE HOSE ESCHEHOSES USER ONS 


POPE HUES E SOE ESER SEES SECO HEED ESOS EEE OHEEES ERE SSETOEOEES EOE DEEEDES SEDC OREO DEO OEES 


COPTER HOODOO OHODESOE OE OE DEER ODEO ODEO ESET ROSSI SS OOEOES 


SHOOT EH SETHE HOE DS EH ESOS EOEE SEES T SESE SESE HE OEE O SE =SEOEO SESS EOSESSEEOTES 


OPER H SOOT DEO OSES E EEE SESE SESE ESSE SOOO EES O SEES TEES ESE SESE SSO OERESEOS 


POOH COREE HOH EO ESOS ESOS OOOS EEE SESEHOEOE OSSD ES OO SOE ESE ESO SOOO SO SSERESOS 


SOHO COO ORES OEE SOS EOE O ELSE OEE DES EHUD EE CEH OEE SOOOSEOOOS 


POOH HOMER O EHH OEE OE OEED EOS OOS E SETHE ODOEEE EDS EEE SED OO HOOD EONS ESE O OES EOO OOOO RESO 


Sececerevcrsccscoscscoes 


Coes eecocsossses 


SPEC OR SOOO OO ER COOD OOOO SOC OHESO ESE EEEE ESS EESOD EEE OSEOSEES 


POCO RTO O OEE ESE EEOO TE EE SOOO EE EOESCEHE ES OSES SESE TOTES 


COOP OE OHO E REO HOD OOC Oe > DO USEL ODE SOO DEO ESEDEHHEO® 


euccececcooceece 


POOR H OOOO COE SOE EOE SOE HE DOSE SEES SE EEEEEE OEE O EEE SES OSES SOHO HEED 


POOR OOH H EEE HO Dees Ee EOE SEE Eee ERODES SE EOO OSES 


POPP EERE LOO OHHH OEE O EOE OSE EHO SESE SEES OSES ESSE T SEDO SOOO SCOOT IONS 


Iczs 


Poe 


*For conditions given, minimum efficiency = 35 per cent. 


TYPICAL OPERATION CHARACTERISTICS 


e TYPE 40405 
& _|COMMON-EMITTER CIRCUIT, BASE INPUT. 
z AMBIENT TEMPERATURE (‘Tq)= 25°C bs 
2 DC COLLECTOR SUPPLY VOLTS (Voc) =12 2 
a fin® four | S 
5 Oo w 
~ 
& 1000h.—}— +}. | J] ee 
x 800 TS 5 a l 
z Eee 
4 = 
a aq — 
= [es} 
a 4 2 
5 a 
3 3 
. 
30 40 60 80 100 200 300 
FREQUENCY (f)—Mc/s 
92CS-13733T 


VBR) CEO 
VBR)CcES 


VBR) EBO 


16 V 
40 V 
6 V 
0.5 A 
0.3 W 
1 W 
See curve page 112 
—65 to 175 Ae 
—65 to 200 Ae 
300 °¢ 
V 
16 min 
40 min V 
6 min V 
0.4 max LA 
20 min 
3 min 
300 min Mc/s 
3.5 max pF 
200* min mW 


TYPICAL OPERATION CHARACTERISTICS 
TYPE 40405 


pn 
iia 


e) I 
COLLECTOR MILLIAMPERES (Ic) 


92CS-13734T 


40406 


Si p-n-p type used in the input stages in af-amplifier applications in indus- 
trial and commercial equipment. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. For collector-characteristics and 
input-characteristics curves, refer to type 40319. 
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MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage o......c.scsscseeees Vcero (sus) —50 V 
Emitter-to-Base Voltages sir: s..cicccucssoonskatsinsusssysvedasensa ios douseaousvons VEBO —4 V 
Collector; Current iiss circa scpcpaeasastan sheds a locete hl eb eateesisc Ic —0.7 A 
BASSO Y ROUIY CINE ce ccratizsccesitpeevsesat apstcuaen teticesieaene mace ee Iz —0.2 A 
Transistor Dissipation: 

AY UP NLO 25 (CP ic cale. ec cneceopusas tectondevelinsthace beet ated. stitial tp cteae Pr 1 WwW 

A BDOVO! Core wsscdinte ty cuersntpoatoncoaesseccannteee Geet ee acteeoe tie Pr See curve page 112 
Temperature Range: 

Operating | CIUMCUON ) » Soascssccseasecccuescseirsss tassesesestorstasetionse Tz (opr) —65 to 200 GC 
CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(ie =) 100 pA Nis OL ee ee Vcro (sus) —50 min V 
Base-to-Emitter Voltage (Ic = 0.1 MA) wisseecccsceeseseees Ven —0.8 max V 
Collector-Cutoff Current: 

Vion raed" Ue Pave O25 OC sit to ees Iczo —1 max LA 

Vion efO iV le Oo TO. ee 1 50°C so eh ee ncncctenssacsiet Icro —10 max LA 
Emitter-Cutoff Current (Vas = —4 V, Ic = 0) ou... Izzo —1 max mA 
Static Forward-Current Transfer Ratio . 

(Vep =. —10.V,. Tes. —0:1 MA) ln. cee hr 20 to 200 
Gain-Bandwidth Product (Vcmp = —4 V, Ic = —50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case .o.cccccccccscsscesscesecreees @3-c 35 max °C/W 


Thermal Resistance, Junction-to-Ambient ......ccccccsccessoeee @s-a 175 max °C/W 


40407 | TRANSISTOR 


Si n-p-n type used in predriver stages in af-amplifier applications in indus- 
trial and commercial equipment. This type is recommended for use in a 
Darlington circuit with a type such as the 40408. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is 
electrically identical with type 40406 except for reversal of all polarity signs. 
For collector-characteristics and transfer-characteristics curves, refer to 
type 40309. 


40408 TRANSISTOR 


Si n-p-n type used in predriver stages in af-amplifier applications in indus- 
trial and commercial equipment. This type is recommended for use in a 
Darlington circuit with a type such as the 40407. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. For collector- 
characteristics and transfer-characteristics curves, refer to type 40309. 


MAXIMUM RATINGS 


Vv 
Vv 
AG 
A 

WwW 


Collector-to-Emitter Sustaining Voltage oo... sscsssseeee Vcro (sus) 90 
Emitter-to-Base Voltage ..............sscocssscscssscscsessssssscscescssesssosees VEBO 4 
Collector sCOrrent’: ia-cscco tents ocd eet esath betes tes Ic 0.7 
Base. ACUPE GIG Peco ete orb eiee civ oa RE ke ce tet ee Iz 0.2 
Tranistor Dissipation: 

LA IDA LOM eG | ene ieee act obicsna Mectersttesn accel erties Pr 1 B 

Ash DOVE Rice Cai cinta ay Ser ghee oe bee oe oh ek cai Pr See curve page 112 _ 
Temperature Range: 

Operating PL IUMCHO) osu cic asheovsccshecendiB écsocseerancsectteoeraat Tz (opr) —65 to 200 rf es 
CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Emitter Sustaining Voltage 

CLG See SAN) LRP y RIS yer fs ieaccctesestdaceivcssesthuccactuaee eee eee Vcero (sus) 90 min Vv 
Collector-to-Emitter Saturation Voltage : 

CLGr ms 150 TAS Tae RA) Pio caccngchcasonosnsceaste seats eee Vcxu (sat) 1.4 max V 
Base-to-Emitter Voltage (Vcm = 4 V, Ic = 10 mA) .... Var 1 max Vv 
Collector-Cutoff Current: J 

Vcr = 80 V, In = 0, To = 25°C Iczo ; 1 max BA 

Vcr = 80 V, In = 0, To = 150°C Icro 250 max LA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) Izzo 1 max uA 
Static Forward-Current Transfer Ratio 

(Vow tna V To eS LO A) aie eens tee cores hre 40 to 200 
Gain-Bandwidth Product (Vcn = 4 V, Ic = 50 mA) fr 100 Mc/s 
Thermal Resistance, Junction-to-Case ..........c.000: ts esaaastaot Q3-c 35max °C/W 


Thermal Resistance, Junction-to-Ambient ..........:cccccsseeeee O3-a 175 max °C/W 
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POWER TRANSISTOR 40409 


Si n-p-n type used in driver stages in af-amplifier applications in industrial 
and commercial equipment. This type and type 40410 together form a com- 
plementary pair of drivers. In a typical class AB circuit a complementary 
pair can drive two series-connected 40411 transistors to provide an audio 
output of 70 watts with a total harmonic distortion of less than 0.25 per 
cent at 1000 cycles per second. JEDEC TO-5 (with heat radiator), Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case (with heat 
radiator). For collector-characteristics and transfer-characteristics curves, 
refer to type 40309. 


MAXIMUM RATINGS | 
Collector-to-Emitter Sustaining Voltage 


INES) 5 cians <xa cnc napstyisa Soaseduicsnn np sntnorouansyatannkbestoosenacay VceEr (sus) 90 V 
BPEMICLCP=TORESASEC VOItaA SO liccsscsscccciecscescesoscscocccecaceccencesDiadescoccece EBO 4 V 
Bee NEE CIN G ooo cc oc ccc xe vans stisdvanvscceancevascosnesconeodedbesiadarvoobacortice Ic 0.7 A 
MTOR EIR GMa os oo céte odnnsacsAgceccis.sacestessoravooveceesSosdeessovscceoacescceueeege Iz 0.2 A 
Transistor Dissipation: 

RNIN Conc sotcaecnensrsncutdivesaccasconnaasackodonsdhendics oitrt, oicle costs Pr 3 WwW 

PU RNMN CORRS PIE SS) Cok occ san cbGiosnocdsadabk scunselncnecr:caseniitancdes teh eoake Pr See curve page 112 
Temperature Range: 

REE ITER RE CIIAC LAGI? ) ~ <<ccasnss cau cveyevsssceuccadescevacecnsusedacéaeoleeus ces Tz (opr) —65 to 200 Ae 
CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

tas ye Be VOD IAL) | asi cesccdccecccoscneccesevectoeedacBecisescs Vcer (sus) 90 min V 
Collector-to-Emitter Saturation Voltage 

etm, Te 15. ANA) 62 cesecicbeessacstonnssceseansnnsevense Vcr (sat) 1.4 max Vv 
Base-to-Emitter Voltage (Vcz = 4 V, Ic = 150 mA) .. Van 1.1 max V 
Collector-Cutoff Current: 

Mere 60 V, Rear — 100.0, To. 28°C .cccletalted Icrr 1 max LA 

iat seo eV, Bes — 100° OC) TCS" 150PC) .....0etsausconns IcreR 100 max pA 
Emitter-Cutoff Current (Ves = 4 V, Ic = 0) wu IrBo 1 max LA 
Static Forward-Current Transfer Ratio 

WAV CHO te LO —" 15 OITA S 5... Sheccorescossereccdecsesshotecsoeececeens hre 50 to 250 
Gain-Bandwidth Product (Vcr = 4 V, Ic = 50 mA) .... fr 100 Mc/s 
Thermal Resistance, Junction-to-Ambient .............ccceee Os-a 50 max °C/W 

POWER TRANSISTOR - 40410 


Si p-n-p type used in driver stages in af-amplifier applications in industrial 
and commercial equipment. This type and type 40409 form a complementary 
pair of drivers. In a typical class AB circuit a complementary pair can 
drive two series-connected 40411 transistors to provide an audio output of 
70 watts with a total harmonic distortion of less than 0.25 per cent at 1000 
cycles per second. JEDEC TO-5 (with heat radiator), Outline No.3. Termi- 
nals: 1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This 
type is electrically identical with type 40409 except for the reversal of all 
polarity signs. For collector-characteristics and input-characteristics curves, 
refer to type 40319. 


POWER TRANSISTOR 40411 


Si n-p-n type used in output stages in af-amplifier applications in industrial 
and commercial equipment. In a typical class AB circuit, two series-con- 
nected 40411 transistors driven by a complementary pair of transistors 
(40409 and 40410) can provide an audio output of 70 watts with a total 
harmonic distortion of less than 0.25 per cent at 1000 cycles per second. 
JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mount- 
ing Flange - collector and case. | 
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MAXIMUM RATINGS 


Collector-to-Emitter Sustaining Voltage 
(Rse = 100 Q) 

Emitter-to-Base Voltage 

Collector Current 

Base Current 

Transistor Dissipation: 
Tc up to 25°C 


Temperature Range: 
Operating (Junction) 


COR ORS eee OOS ESOT E EEE EEET SESE ESSE SSSR ISHS ESSE SESS EESO SEES OSHS SEEEOEES 


POCO ORE REE eee eH EEE ESESEEEEESHESESEOSESEHSOSEEH SESS OOEEES 


COOP eee e Ome Tee ECO TEESE TEESE ESEO EES TEOSSESESEESESESES ES ESOS ESOS EESOESOS 


See CO eee eee ees OEE EEF EHEEHESEES ESHEETS ESHDESES OOS SSTSESSSE ESET OOOO SETHE SESE SEES 


POCO OES O OOOO HEE EOS EH OEE EEE SOHO OHHOEH EH OSES ESD ESSE SESS SESE SEHE SESS OHSS 


COO O CeCe ESOT O OOOH EEE TET ESOFSESEOESS OSES HOSE SSES OSES SSOS OOOH SOSH EOEE ES 


COCO R OO OOOO OOOH OOOO EERE H EOE O EOS EEOESOSE ESSE SOHO OS OE ES OHOD 
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CHARACTERISTICS (At case temperature = 25°C) 


Collector-to-Emitter Sustaining Voltage 
(Raz = 100 Q, Ic = 200 mA) 

Collector-to-Emitter Saturation Voltage 
(Ic = 4 A, In = 400 mA 


Seer eee eeee sees eens seee eee Esse eeeesseeeee® 


POCO CO HOH OEE ESSE SEE ESET SS OH ESOS EEOESEEE SEED 


Base-to-Emitter Voltage (Vcm = 4 V, Ic = 4 A) 


Collector-Cutoff Current: 
Vcze = 80 V, Raz = 100 Q, Tc = 25°C 
Vce = 80 V, Rar = 100 Tc = 
Static Forward-Current Transfer Ratio 
(Verran 4).V50107 = A 


150°C 
Emitter-Cutoff Current (Vrs = 4 V, Ic = 0) 


eaeccasecsesons 


oeccescoseves 


COC e RRO e eee Oe OEE EE HOES E SEO OS EHSE OO FOES OTEENOS 


Gain-Bandwidth Product (Vczr = 4 V, Ic = 4 A) 


Power-Rating Test (40 V at 5 A for 1 s max) 


Thermal Resistance, Junction-to-Case 


TYPICAL COLLECTOR CHARACTERISTICS 


TYPE 404i 
CASE TEMPERATURE (Tc) = 25°C 


BASE MILLIAMPERES(Ip)=600 


COLLECTOR AMPERES (Ic) 
re) 


0 O05 10 15 20 25 30 35 40 45 
COLLECTOR-TO-EMITTER VOLTS (Veg) 
92CS-13184T 


OOP C eee rerocsereresesereseeoee® 


COLLECTOR AMPERES (Ic) 


eeeeeee 


eee 


VceEr (sus) 90 Vv 
VEBO 4 V 
Ic 30 A 
Iz 15 A 
Pr 150 WwW 
Pr See curve page 112 
Ty (opr) —65 to 200 4 83 
Vcrr (sus) 90 min V 
Vcr (sat) 1 max V 
Appts VBE 1.8 max V 
wloecwdse Iczr 0.5 max mA 
edeciced IcrerR 2 max mA 
Rceedene IzBo 5 max mA 
hrs 35 to 100 
baercacd fr 800 kc/s 
Beecrseee 200 WwW 
Os-c 1.17 max °C/W 


TYPE 404II 
COLLECTOR-TO-EMITTER VOLTS (Vc_e)=4 


2 3 
BASE-TO-EMITTER VOLTS (Vp) 
92Cs-I3ieeT 
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LIST OF DISCONTINUED TRANSISTORS 


(Shown for reference only; see page 113 for symbol identification. ) 


MAXIMUM RATINGS 


. CA aa.” ute Vos Ves 
ype Material line (volts) (volts) 
2N105 Ge 20, 
2N206 Ge 1 -—30- -— 
2N247 Ge a ens a 
2N269 Ge Poe 25 > 12 
2N301 Ge 2°. —40' —10 
2N301A Ge 2 6) —l0 
2N307 Ge Boe — 30.5, 
2N331 Ge 6 —30 —12 
2N356 Ge . 20> 20 
2N357 Ge 7% 20> Cv 
2N358 Ge ig 20 :3i;4420 
2N373 Ge Be ch Ds pa OD 
2N374 Ge 4 255405 
2N456 Ge 22 -—40 —20 
2N457 Ge ez. .—60. —20 
2N497 Si 3 60 8 
2N544 Ge 4- —]§8 —1 
2N561 Ge 22 —80 —60 
2N578 Ge 6 °° +20 =—12 
2N579 Ge 6: 22220 12 
2N580 Ge 5 -—20. —12 
2N583 Ge 1° —18 —10 
2N584 Ge f - S=25 12 
2N640 Ge 4 —34 —l 
2N641 Ge 4 —34 —1 
2N642 Ge 4 —34 —l 
2N643 Ge 6 —30 —2 
2N644 Ge 6 —30 —2 
2N645 Ge 6 —30 -2 
2N656 Si 3 60 8 
2N696 Si 3 60 5 
2N705 Ge 9 —15.. —3.5 
2N710 Ge 9 —)lb -2 
2N711 Ge RS va a | 
2N794 Ge {eS ie | 
2N795 Ge Gov niset 4 
2N796 Ge 9 —13.—4 
2N828 Ge 9 —15 —25 
2N955 Ge 9 12 2 
2N955A Ge g 12 2 
2N960 Ge ee Sih B42 5 
2N961 Ge 9° = ]2 --—2 


*1 - emitter, 2 - base, 3 - collector. 


Ic 
(amperes) 


—Q0.015 
—0.050 
—0.010 
—0.100 
—3 


Pr 
(watts) 
0.035 


CHARACTER- 
ISTICS 
Min. Ics 
hrr (uA) 
sw ae 
Jo 3ceec ly 
60 —10 
24 2 55 
70 —100 
70 —100 
20 —1500 
OO! 16 
30 5 
30 ‘i 
30 5 
ee 
60°. 8 
De Sas 
OZ aa 
1? 10 
60 4 
{pr 
toe Bs-5 
PU Seas 
BO) =O 
Lae 16 
AOS cng} 
50... 15 
50 esl 
50 ak weed 
20: +10 
20 210 
2s 25-10 
30 10 
20 l 
25 3 
20. thd 
200 —3 
30... 3 
Bisa 
HOiGs3 
2o —3 
30 S 
30 5 
4 ees | 
20° 4-3 


Maximum 

Operating 

Tempera- 
ture 
(°C) 


Can he replaced 
by RCA type 

2N408 

2N408 

2N1180 

2N404 

2N2869/2N301 


2N2870/2N301A 
2N2869 

2N1638 

2N647 

2N647 


2N647 

2N1638 
2N1631 
2N2869 
2N2869 


2N217 
2N2869 
2N412 
2N412 


2N412 
2N412 
2N408 
2N1637 
2N1638 


2N1639 
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LIST OF DISCONTINUED TRANSISTORS (cont'd) 


CHARACTER- 
MAXIMUM RATINGS ISTICS 


Vis Min. Ics ture Can be replaced 


RCA __, Out- Vos lo Pr 
Type Material line | (volts) (volts) (amperes) (watts) hrs  (wA)| (°c) | by RCA type 


2N962 Ge 9 —12 —125 —01 03 2-3 10 — 
2N963 Ge 9 —12 —12 —-01 03 20 —-> 100 — 
2N964 Ge 9 —15 -25 —0.1 03 40 -3 10 — 
2N965 Ge 9 —l2 -2 01 0. 40 -—3 100 — 
2N966 Ge 9 —12 —125 —01 03 40 -3 10 — 
2N967 Ge 9 —12 —12 —-01 03 40 —5 100 — 
2N1014 Ge 22 —100 —60 —10 20 15. —- . 100) Sg2N2869 
2N1067 Si s) ial Oma o 35 15 TS eNotes 
2N1068 Si ‘5 60 212 Los 10 38 19. 175 eee, 
2N1069 Si 2 60 134, 4 90 20 25 175  2N1489 
2N1070 Si 2 60 9 4 90 20 25. 175) Seni ioe 
2N1092 Si 3 OU Samt2 0:05 2 35 15.) oF 5 aeceee 
2N1169 Ge 3 rad ap wrds UR iron VAR Ai a ; 
2N1170 Ge 3 40 40 D4 eel. L220 8. Ji- 
2N1213 Ge 3. —2 —l —0.100 0075 — -3 8 — 
2N1214 Ge 3 —2 —l —0.100 0.075 -— -3 8 ~= 
2N1215 Ge 3 —25 —l —0.100 0.075-.—  —-3 85 == 
2N1216 Ge 3 —2 —l —0.100 0075 — -3 8 — 
2N1319 Ge 3 —20 —20 —O4. 012 15 —6 Jl == 
2N1425 Ge 4 —24 —0.5 0.010 0.080 50 -12 71 2N1638 
2N1426 Ge 4 —24 —0.5 -—0.010 0.080 130 -—12 71 2N1638 
2N1450 Ge 6 —30 —l —0.100 0.120 20 -—10 85 2N217 


2N1511 Stony Al 60 60 6 79 ie 25. 200 =. 2N1487 
2N1512 si: U- £100 - 100 6 75 19 25 200  2N1488 
2N1513 Si Al 60 60 6 79 1d 25 200 2N1489 
2N1514 Sit: sefkl 25100. 100 6 19 1d 29 200 2N1490 
2N1633 Ge «13° —34 —0.5 —0.010 0.080 75 —16 85  2N1638 


2N1634 Ge 1 —34 —0.5  —0.010 0.080 75 —16 -85  2N1638 
2N1635 Ge «13. —34 —0.5 —0.010 0.080 75 -16 85  2N1638 
2N1636 Ge 1 —34 0.5 -—0.010 0.080 75 -16 85  2N1638 
2N1768 Sizy 519 60.12 3 40 35 15 200  2N1485 
2N1769 SU) pes wel ODS nied 2 3 40 35 15 200 2N1486 


2N2206 ot” 0G 25 3 0.2 1 a 
2N2273 Ge 9 -2 —l —01 O01 20 —10 100 2N1179 
2N2339 Sg ey 60 40 2.902940 20 3000 200 2NI1701 
2N2482 Ge 9 20 3 0 Lge 0-Lopeue Zo 9 100 — 
2N2873 Ge 1 —35 —0.1 —0.010 0.115 40 12 100 — 


2N2898 Sie lo gelct ] 1 1.8 
2N2899 Sheers 1A 7 1 1.8 
2N2900 Si) £16 60 7 l 1.8 90. -0.05- ~200 
3746 Ge 14 —34 —05. 0.20 0.0 
3907/2N404 Ge 3. —25 —12 —0.2 01 


foto || 


ILICON rectifiers are essentially 

cells containing a simple p-n 
junction. As a result, they have low 
resistance to current flow in one 
(forward) direction, but high resist- 
ance to current flow in the opposite 
(reverse) direction. They can be 
operated at ambient temperatures up 
to 200 degrees centigrade and at cur- 
rent levels as high as hundreds of 
amperes, with voltage levels as high 
as 1000 volts. In addition, they can 
be used in parallel or series arrange- 
ments to provide higher current or 
voltage capabilities. 

Because of their high forward-to- 
reverse current ratios, silicon recti- 
fiers can achieve rectification efficien- 
cies close to 99 per cent. When 
properly used, they have excellent 
life characteristics which are not 
affected by aging, moisture, or tem- 
perature. They are very small and 
light-weight, and can be made im- 
pervious to shock and other severe 
environmental conditions. 


THERMAL CONSIDERATIONS 


Although rectifiers can operate at 
high temperatures, the thermal ca- 
pacity of a silicon rectifier is quite 
low, and the junction temperature 
rises rapidly during  high-current 
operation. Sudden rises in junction 
temperature caused by either high 
currents or excessive ambient-tem- 
perature conditions can cause failure. 
(A silicon rectifier is considered to 
have failed when either the forward 
voltage drop or the reverse current 
has increased to a point where the 
crystal structure or surrounding ma- 
terial breaks down.) Consequently, 
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temperature effects are very impor- 
tant in the consideration of silicon 
rectifier characteristics. 


REVERSE CHARACTERISTICS 


When a reverse-bias voltage is ap- 
plied to a silicon rectifier, a limited 
amount of reverse current (usually 
measured in microamperes, as com- 
pared to milliamperes or amperes of 
forward current) begins to flow. As 
shown in Fig. 158, this reverse cur- 
rent flow increases slightly as the 
bias voltage increases, but then tends 


= VOLTAGE 0) 


TEMPERATURE = |__ 
Teoh IpA AT 25°C 


-100pA AT 150° C 


Figure 158. Typical reverse characteristics. 


to remain constant even though the 
voltage continues to increase signifi- 
cantly. However, an increase in oper- 
ating temperature increases. the 
reverse current considerably for a 
given reverse bias. 

Ata specific reverse voltage (which 
varies for different types of diodes), 
a very sharp increase in reverse cur- 
rent occurs. This voltage is called 
the breakdown or avalanche (or 
zener) voltage. In many applications, 
rectifiers can operate safely at the 
avalanche point. If the reverse volt- 
age is increased beyond this point, 
however, or if the ambient tempera- 
ture is raised sufficiently (for ex- 
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ample, a rise from 25 to 150 degrees 
centigrade increases the current by 


a factor of several hundred), “‘ther- . 


mal runaway” results and the diode 
may be destroyed. 


FORWARD CHARACTERISTICS 


A silicon rectifier usually requires 
a forward voltage of 0.4 to 0.8 volt 
(depending upon the temperature 
and the impurity concentration in 
the p-type and n-type materials) be- 
fore significant current flow occurs. 
As shown in Fig. 159, a slight rise 
in voltage beyond this point in- 
creases the forward current sharply. 
Because of the small mass of the sili- 
con rectifier, the forward voltage 
drop must be carefully controlled so 
that the specified maximum value of 
dissipation for the device is not ex- 
ceeded. Otherwise, the diode may be 
seriously damaged or destroyed. 

Fig. 159 shows the effects of an in- 
crease in temperature on the forward- 
current characteristic of a silicon 
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Figure 159. Typical forward characteristics. 


rectifier. In certain applications, close 
control of ambient temperature is re- 
auired for satisfactory operation. 
Close control is not usually required, 
however, in power circuits. 


RATINGS 


Ratings for silicon rectifiers are 
determined by the manufacturer on 
the basis of extensive reliability test- 
ing. One of the most important rat- 
ings is the maximum peak reverse 
voltage (PRV), i., the highest 
amount of reverse voltage which can 
be applied to a specific rectifier be- 
fore the avalanche breakdown point 
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is reached. PRV ratings range from 
about 50 volts to as high as 1000 
volts for some single-junction diodes. 
As will be discussed later, several 
junction diodes can be connected in 
series to obtain the PRV values re- 
quired for very-high-voltage power- 
supply applications. © 

Because the current through a rec- 
tifier is normally not de, current rat- 
ings are usually given in terms of 
average, rms, and peak values. The 
waveshapes shown in Figs. 160 and 
161 help to illustrate the relation- 
ships among these ratings. For ex- 
ample, Fig. 160 shows the current 
variation with time of a sine wave 


ot iat Shae 
= aN, rsa a 
= of XX Re 
XA 
© -2.5 SUA BN 
-10.0 


TIME 


Variation of current of a sine 
wave with time. 


Figure 160. 


that has.a peak current Ipeax of 10 
amperes. The area under the curve 
can be translated mathematically 
into an equivalent rectangle that in- 
dicates the average value Ia, of the 
sine wave. The relationship between 
the average and peak values of the 
total sine-wave current is then given 
by 


Ix — 0.637 RAY 
or 
Teer pees 1.57 Ie 


However, the power P consumed 
by a device (and thus the heat gen- 
erated within it) is equal to the 
square of the current through it 


times its finite electrical resistance 


R°' (i.e, P = PRA"? heretoress tne 
power is proportional to the square 
of the current rather than to the 
peak or average value. Fig. 161 
shows the square of the current for 
the sine wave of Fig. 160. A horizon- 
tal line drawn through a point half- 
way up the I° curve indicates the 
average (or mean) of the squares, 
and the square root of the I’ value 
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CURRENT SQUARED (I?) 


ANY, Le LN. 
eV 
VLALD LAL 


TIME 
Figure 161. Variation of the square of 
sine-wave current with time. 
at this point is the root-mean-square 
(rms) value of the current. The re- 
lationship between rms and peak 
current is given by 


ae —_ 0.707 Tesex 


or 
Fo oki —s 1.414 Msg 


Because a _ single rectifier cell 
passes current in one direction only, 
it conducts for only half of each 
cycle of an ac sine wave. Therefore, 
the second half of the curves in Figs. 
160 and 161 is eliminated. The aver- 
age current I., then. becomes half. of 
the value determined for full-cycle 
conduction, and the rms current I,m; 
is equal to the square root of half the 
mean-square value for full-cycle 
conduction. In terms of half-cycle 
sine-wave conduction (as in a single- 
phase half-wave circuit), the rela- 
tionships of the rectifier currents 
can be shown as follows: 


Tocse SH ed € i sain yd | Ty 

av — (1/7) Teche —— 0.32 Teak 
Tae — (1/2) i pe oe 1.57 ie 
fee 2) a) hems — 0:64 Tens 
Teak aaa $74 lems 

Wee 0D Locak 


For different combinations of recti- 
fier cells and different circuit con- 
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figurations, these relationships are, 
of course, changed again. Current 
(and voltage) relationships have 
been derived for various types of 
rectifier applications and are given 
in Table I later in this section. 

Published data for silicon rectifiers 
usually include maximum ratings 
for both average and peak forward 
current. As shown in Fig. 162, the 
maximum average forward current 
is the maximum average value of 
current which is allowed to flow in 
the forward direction during a full 
ac cycle at a specified ambient or 
case temperature. Typical average 
current outputs range from 0.5 am- 
pere to as high as 100 amperes for 
single silicon diodes. The peak 
recurrent forward current is the 
maximum repetitive instantaneous 
forward current permitted under 
stated conditions. 


——— SURGE OR FAULT CURRENT 


~— PEAK REPETITIVE 
CURRENT 


— AVERAGE FORWARD 
CURRENT 


Figure 162. 


Representation of rectifier 
currents. 


In addition, ratings are usually 


given for non-repetitive surge, or ~ 


fault, current. In rectifier applica- 
tions, conditions may develop which 
cause momentary currents that are 
considerably higher than normal 
operating current. These increases 
(current surges) may occur from 
time to time during normal circuit 
operation as a result of normal load 
variations, or they may be caused 
by abnormal conditions or faults in 
the circuit. Although a rectifier can 
usually absorb a limited amount of 
additional heat without any effects 
other than a momentary rise in junc- 
tion temperature, a sufficiently high 
surge can drive the junction tem- 
perature high enough to destroy the 
rectifier. Surge ratings indicate the 
amount of current overload or surge 
that the rectifier can withstand with- 
out detrimental effects. 

Fig. 163 shows universal surge 
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rating charts for families of recti- 
fiers having average current ratings 
up to 40 amperes. The rms currents 
shown in these charts are incremen- 
tal values .which add to the normal 
rms forward current during surge 
periods. The charts indicate maxi- 
mum current increments that can be 
safely handled by the rectifiers for 
given lengths of time. These charts 
can be used by designers to de- 
termine whether circuit modifica- 
tions are necessary to protect the 
rectifiers. If the value and duration 
of expected current surges are 
greater than the ratings for the rec- 
tifier, impedance should be added to 
capacitive-load circuits or fuses or 
circuit breakers to variable-load cir- 
cuits for surge protection. 

The fusing requirements. for a 
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Figure 163. Universal surge rating charts 


or RCA rectifiers. 
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given circuit can be determined by 
use of a coordination chart such as 
that shown in Fig. 164. Two charac- 
teristics are plotted on the coordi- 
nation chart initially: (A) the surge 
rating curve for the rectifier, and 


RMS CURRENT — AMPERES 


SURGE DURATION—SECONDS 


Figure 164. Typical coordination chart for 

determining fusing requirements (A - surge- 

rating chart for 20-ampere rectifier, B - 

expected surge current in half-wave circuit, 

C - opening characteristics of protective 

device, D - resulting surge current in 
modified circuit). 


(B) the maximum surge (fault cur- 
rent) expected in the circuit. In Fig. 
164, curve A is the surge rating 
curve for a 20-ampere rectifier, and 
curve B is the maximum surge ex- 
pected to occur in a single-phase 
half-wave rectifier circuit that has 
an input voltage of 600 volts and is 
subject to overload conditions in 
which the load resistance can de- 
crease to 2 ohms. The maximum rms 
current which can flow under these 
conditions is given by 


Ein/2Ri = 600/4 
150 amperes 


lee = 


The incremental portion of this cur- 
rent is determined by subtracting 
the normal rms current of the 20- 
ampere rectifier (Irms = 1.57 Inv = 
LebTAxX 2672 314 amperes; Taece — 
150 — 31.4 = 118.6 amperes). The 
straight line of curve B is then 
drawn at an rms value of 118.6 am- 
peres in Fig. 164. 

The intersection of curves A and 
B indicates that the 20-ampere rec- 
tifier can safely support an incre- 


‘mental rms surge current of 118.6 


amperes for a maximum duration of 
about 40 milliseconds. Therefore, the 
circuit must be modified to include 
a protective element that has an 
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“opening” characteristic that falls 
below the rectifier surge rating 
curve for all times greater than 40 
milliseconds. The opening charac- 
teristic of such a protective element 
is shown in Fig. 164 as curve C. 
Surge current in the modified circuit 
is then limited by the circuit re- 
sistance for periods up to 40 milli- 
seconds and by the _ protective 
element for surges of longer dura- 
tion, as shown by curve D. 

Surge currents generally occur 
when the equipment is first turned 
on, or when unusual voltage tran- 
sients are introduced in the ac sup- 
ply line. Protection against excessive 
currents of this type can be provided 
in various ways, as will be dis- 
cussed later. 

Because these maximum current 
ratings are all affected by thermal 
variations, ambient-temperature con- 
ditions must be considered in the 
application of silicon rectifiers. Tem- 
perature-rating charts are usually 
provided to show the percentage by 
which maximum currents must be 
decreased for operation at tempera- 
tures higher than norma] room tem- 
perature (25 degrees centigrade). 


OVERLOAD PROTECTION 


In the application of silicon recti- 
fiers, it is necessary to guard against 
both over-voltage and over-current 
(surge) conditions. A voltage surge 
in a rectifier arrangement can be 
caused by de switching, reverse recov- 
ery transients, transformer switch- 
ing, inductive-load switching, and 
various other causes. The effects of 
such surges can be reduced by the 
use of a capacitor connected across 
the input or the output of the recti- 
fier. In addition, the magnitude of 
the voltage surge can be reduced by 
changes in the switching elements or 
the sequence of switching, or by a 
reduction in the speed of current in- 
terruption by the switching elements. 

In all applications, a rectifier hav- 
ing a more-than-adequate peak re- 
verse voltage rating should be used. 
The safety margin for reverse volt- 
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age usually depends on the applica- 
tion. For a single-phase half-wave 
application using switching of the 
transformer primary and having no 
transient suppression, a rectifier hav- 
ing a peak reverse voltage three or 
four times the expected working 
voltage should be used. For a full- 
wave bridge using load switching 
and having adequate suppression of 
transients, a margin of 1.5 to 1 is 
generally acceptable. 

Because of the small size of the 
silicon rectifier, excessive surge cur- 
rents are particularly harmful to rec- 
tifier operation. Current surges may 
be caused by short circuits, capacitor 
inrush, de overload, or failure of a 
single cell in a multiple arrange- 
ment. In the case of low-power cells, 
fuses or circuit breakers are often 
placed in the ac input circuit to the 
rectifier to interrupt the fault cur- 
rent before it damages the rectifier. 
When circuit requirements are such 
that service must be continued in 
case of failure of an individual diode, 
a number of cells can be used in 
parallel, each with its own fuse. Ad- 
ditional fuses should be used in the 
ac line and in series with the load for 
protection against de load faults. In 
high-power cells, an arrangement of 
circuit breakers, fuses, and series re- 
sistances is often used to reduce the 
amplitude of the surge current. Fus- 
ing requirements can be determined 
by use of coordination charts for 
the particular circuits and rectifiers 
used. 


SERIES AND PARALLEL 
ARRANGEMENTS 


Silicon rectifiers can be arranged 
in series or in parallel to provide 
higher voltage or current capabili- 
ties, respectively, as required for 
specific applications. 

A parallel arrangement of recti- 
fiers can be used when the maximum 
average forward current required is 
larger than the maximum current 
rating of an individual rectifier cell. 
In such arrangements, however, 
some means must be provided to as- 
sure proper division of current 
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through the parallel rectifier cells. 
Parallel rectifier arrangements are 
not in general use. Designers nor- 
mally use a polyphase arrangement 
to provide higher currents, or sim- 
ply substitute the readily available 
higher-current rectifier types. 

Series arrangements of silicon rec- 
tifiers are used when the applied re- 
verse voltage is expected to be 
greater than the maximum peak re- 
verse voltage rating of a single sili- 
con rectifier (or cell). For example, 
four rectifiers having a maximum 
reverse voltage rating of 200 volts 
each could be connected in series to 
handle an applied reverse voltage of 
800 volts. 

In a series arrangement, the most 
important consideration is that the 
applied voltage be divided equally 
across the individual rectifiers. If the 
instantaneous voltage is not uni- 
formly divided, one of the rectifiers 
may be subjected to a voltage greater 
than its specified maximum reverse 
voltage, and, as a result, may be de- 
stroyed. Uniform voltage division 
can usually be assured by connection 
of either resistors or capacitors in 
parallel with individual cells. Shunt 
resistors are used in steady-state 
applications, and shunt capacitors in 
applications in which transient volt- 
ages are expected. Both resistors and 
capacitors should be used if the cir- 
cuit is to be exposed to both de and 
ac components. When only a few 
diodes are in series, multiple trans- 
former windings may be used, each 
winding supplying its own assembly 
consisting of one series diode. The 
outputs of the diodes are then con- 
nected in series for the desired volt- 
age. 

RCA rectifier stacks (CRI101, 
CR201, and CR301 series) are de- 
signed to provide equal reverse volt- 
age across the individual rectifier 
cells in the assembly under both 
steady-state and transient condi- 
tions. The CR101 and CR801 series 
stacks include an integral resistance- 
capacitance network to equalize the 
reverse voltage across the series- 
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connected rectifier cells. The CR201 
series stacks use precisely matched 
rectifier cells for internal voltage 


-equalization. Extended life tests have 


shown that these rectifier stacks are 
capable of operating for many thou- 
sands of hours without noticeable 
degradation of performance. 


CIRCUIT FACTORS 


The current and voltage relation- 
ships for silicon rectifiers vary for 
different types of circuit configura- 
tions. The particular circuit in which 
a rectifier is used is chosen on the 
basis of the requirements for a spe- 
cific application. 

Silicon rectifiers are used in a con- 
tinually broadening range of applica- 
tions. Originally developed for use in 
such equipment as dc-to-de convert- 
ers, battery chargers, mobile power 
supplies, transmitters, and electro- 
plating devices, silicon rectifiers are 
also used in power supplies for radio 
and television receivers and phono- 
graph amplifiers, as well as in such 
applications as in-line-type modula- 
tors, hold-off and charging diodes, 
pulse-forming networks, and brush- 
less alternators. They are also being 
used in many aircraft applications 
because of their small size, light 
weight, and high efficiency. 

The most suitable type of rectifier 
circuit for a particular application 
depends on the dc voltage and cur- 
rent requirements, the amount of 
rectifier “ripple” (undesired fluctua- 
tion in the de output caused by an 
ac component) that can be tolerated 
in the circuit, and the type of ac 


‘ power available. Figs. 165 through 


171 show seven basic rectifier con- 
figurations. (Filters used to smooth 
the rectifier output are not shown for 
each circuit, but are discussed later.) 
Figs. 165 through 171 also include 
the output-voltage waveforms for the 
various circuits and the current wave- 
forms for each individual rectifier 
cell in the circuits. Ideally, the volt- 
age waveform should be as flat as 
possible (i.e., approaching almost 
pure dc). A flat curve indicates a 
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peak-to-average voltage ratio of one. 
In the case of the current wave- 
form, the smaller the current flowing 
through the individual rectifier, the 
less chance there is for malfunction 
or burnout of the cell. 

The half-wave single-phase circuit 
shown in Fig. 165 delivers only one 
pulse of current for each cycle of ac 
input voltage. As shown by the cur- 
rent waveform, the single rectifier 
cell is exposed to the entire current 
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Figure 165. Single-phrase half-wave circuit. 


flow. This type of circuit, which con- 
tains a very high percentage of out- 
put ripple, is used principally in 
low-voltage high-current applications 
and in low-current high-voltage ap- 
plications. 

Fig. 166 shows a single-phase full- 
wave circuit with a center-tapped 
high-voltage winding. This circuit 
has a lower peak-to-average volt- 
age ratio than the circuit of Fig. 165, 
and about 50 per cent less ripple. 
This type of circuit is widely used 
in television receivers and large au- 
dio amplifiers. 

The single-phase full-wave bridge 
circuit shown in Fig. 167 uses four 
rectifiers, and does not require the 
use of a transformer center-tap. It 
can be used to supply twice as much 
output voltage as the circuit of Fig. 
166 for the same transformer volt- 
age, or to expose the individual rec- 
tifier cell to only half as much peak 
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Figure 166. Single-phase full-wave circuit 
with center-tap. 


reverse. voltage and allow only 50 
per cent of the total current to flow 
through each cell. This type of cir- 
cuit is popular in amateur trans- 
mitter use. 

The three-phase circuits shown in 
Figs. 168 through 171 are usually 
found in heavy industrial equipment 
such as high-power transmitters. The 
three-phase (Y) half-wave circuit 
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Figure 167. Single-phase full-wave circuit 
without center-tap. 
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Figure 168. Three-phase (Y) half-wave circuit. 


shown in Fig. 168 uses three rectifier 
cells. This circuit has considerably 
less ripple than the circuits discussed 
above. In addition, it allows only 
one-third of the total current to flow 
through each rectifier cell. This type 
of circuit is used in alternator recti- 
fiers in automobiles. 

Fig. 169 shows a three-phase (Y) 
full-wave bridge circuit which uses a 
total of six rectifier cells. In this 
arrangement, two half-wave recti- 
fiers are connected in series across 
each leg of a high-voltage trans- 
former. This circuit delivers twice as 
much voltage output as the circuit of 
Fig. 168 for the same transformer 
conditions. In addition, this circuit, 
as well as those shown in Figs. 170 


and 171, has an extremely small 
percentage of ripple. 

The six-phase “star” circuit shown 
in Fig. 170, which also uses six recti- 
fier cells, allows the least amount of 
the total current (one-sixth) to flow 
through each cell.-The three-phase 
double-Y and interphase transformer 
circuit shown in Fig. 171 uses six 
half-wave rectifiers in parallel. This 
arrangement delivers six current 
pulses per cycle and twice as much 
output current as the circuit shown 
in Fig. 168. 

Table I lists voltage and current 
ratios for the circuits shown in Figs. 
165 through 171 for resistive or in- 
ductive loads. These ratios apply for 
sinusoidal ac input voltages. It is 
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Figure 169. Three-phase (Y) full-wave bridge circuit. 
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Figure 170. Six-phase “‘star’’ circuit. 


generally recommended that induc-_ rent, except for the circuit of Fig, 
tive loads rather than resistive loads 165. Current ratios given for induc-' 
be used for filtering of rectifier cur- tive loads apply only when a filter 
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Figure 171. Three-phase double-Y and interphase transformer circuit. 
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CIRCUIT RATIOS 
Output Voltage: 
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Fig. 165 Fig. 166 Fig. 167 Fig. 168 Fig. 169 Fig. 170 Fig. 171 


Average OS Onchc) plo 5.Gic Fay Pavey Fav Eav Bay Kav 

Peake (ce tiaeliceee & 314 °° 1.57" 1.57. 51.21 2 LOG oe 

RMS GME es oS ae 1.57 ° 1.11 ©1.11 .1:1.02: “LOGi oie 

Ripple (%) ....... 121 48 48 18.3 4.3 4.3 4.3 
Input Voltage (RMS): 

Phase. (xiMise) os ale. 2.22 1.11* 1.11 0.855° 0.428®. 0.74® 0.855° 

Line-to-Line (x Eay) 2.22." “2.22 1.11 Fe ARe Ore 


Average Output (Load) 

Currentin soho oes Tav 
RECTIFIER CELL RATIOS 
Forward Current: 


1.48} 1.71% 


Tey iy lay <2 Ia Tay 


Average (x Inv) .. 1.00 0.5 0.5 0.38383 0.333 0.167 0.167 
RMS (x Inv): m 
resistive load .... 1.57 0.785 0.785 0.587 0.579 0.409 0.293 
inductive load .... — 0.707 0.707 0.578 0.578 0.408 0.289 
Peak (x Inv): | 
resistive load .... 3.14. 1.57 © 1.57: L211 oe OP aS eco 
inductive load .... — 1.00 1.00 1.00 1.00 1.00 0.500 
Ratio peak to average: 
resistive load .... 3.14°°°3.14 © 314° 3.63% 3115 SeGisGeeeseLo 
inductive load .... — 2.00 2.00 3.00 3.00 6.00 3.00 
Peak Reverse Voltage: 
piesid DES de Se ea ae 3.14° 3.14 ~ 1.57. °2.09°"* 1.057 sa zee 
oles A Ren wo sid epi ab 1.41....,.2.82.. 1.41 2, 4522 45 2 ees 


* to center tap ® to neutral 


t+ maximum value 


{ maximum value, no load 


Table 1—Voltage and current ratios for rectifier circuits shown in Figs. 165 through 171. 
Fig. 165 uses a resistive load, and Figs. 166 through 171 an inductive load. 


choke is used between the output 
of the rectifier and any capacitor in 
the filter circuit. Values shown do 
not take into consideration voltage 
drops which occur in the power 
transformer, the silicon rectifiers, or 
the filter components under load con- 
ditions. When a particular rectifier 
type has been selected for use in a 
specific circuit, Table I can be used 
to determine the parameters and 
characteristics of the circuit. 

In Table I, all ratios are shown as 
functions of either the average out- 
put voltage E., or the average dc 
output current I.,, both of which are 
expressed as unity for each circuit. 
In practical applications, the magni- 
tudes of these average values will, 
of course, vary for the different cir- 
cuit configurations. 

Filter circuits are generally used 
to smooth out the ac ripple in the 
output of a rectifier circuit. A smooth- 


ing filter usually consists of capaci- 
tors and iron-core chokes. In any 
filter-design problem, the load im- 
pedance must be considered as an 
integral part of the filter because 
the load is an important factor in 
filter performance. Smoothing effect 
is obtained from the chokes because 
they are in series with the load and 
offer a high impedance to the ripple 
voltage. Smoothing effect is obtained 
from the capacitors because they are 


in parallel with the load and store 


energy on the voltage peaks; this 
energy is released on the voltage 
dips and serves to maintain the volt- 
age at the load substantially con- 
stant. Smoothing filters are classified 
as choke-input or capacitor-input ac- 
cording to whether a choke or capaci- 
tor is placed next to the rectifier. 
Typical filter circuits are shown in 
Fig. 172. 

If an input capacitor is used, con- 
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L=FILTER CHOKE 


C=FILTER CAPACITOR 


Figure 172. Typical filter circuits. 


sideration must be given to the in- 
stantaneous peak value of the ac 
input voltage. This peak value is 
about 1.4 times the rms value as 
measured by an ac voltmeter. Filter 
capacitors, therefore, especially the 
input capacitor, should have a rating 
high enough to withstand the in- 
stantaneous peak value if breakdown 
is to be avoided. When the input-choke 
method is used, the available de out- 
put voltage will be somewhat lower 
than with the input-capacitor method 
for a given ac voltage. However, im- 
proved regulation together with lower 
peak current will be obtained. 


CAPACITIVE-LOAD CIRCUITS 


When rectifiers are used in circuits 
with capacitive loads, the rectifier 
current waveforms may deviate con- 
siderably from their true sinusoidal 
shape. This deviation is most evi- 
dent for the peak-to-average-current 
ratio, which is somewhat higher than 
that for a resistive load. For this 
reason, capacitive-rating  calcula- 
tions are generally more complicated 
and time-consuming than those for 
resistive-load rectifier circuits. How- 
ever, the simplified. rating system 
described below allows the designer 
to calculate the characteristics 
of capacitive-load rectifier circuits 
quickly and accurately. 

Fig. 173 shows typical half-wave 
and voltage-doubling rectifier cir- 
cuits that use capacitive loads. In 
such circuits, the low forward volt- 
age drop of the silicon rectifiers may 
result in a very high surge of cur- 
rent when the capacitive load is first 
energized. Although the generator 


or source impedance may be high 
enough to protect the rectifier, addi- 
tional resistance must be added in 
some cases. The sum of this resist- 
ance plus the source resistance is re- 
ferred to as the total limiting 
resistance R,. The magnitude of R, 
required for protection of the recti- 
fier may be calculated from surge 
rating charts such as those shown 
in Figs. 163 and 164. Each point of 
these curves defines a surge rating 
by indicating the maximum time for 
which the device can safely carry a 
specific value of rms current. 

With a capacitive load, maximum 
surge current occurs if the circuit is 
switched on when the input voltage 
is near its peak value. When the time 


R 
0.2 
MEGOHM 


Figure 173. Typical circuits using capaci- 
tive loads; (a) half-wave rectifier circuit, 
(b) voltage-doubling rectifier circuit. 
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constant R,C of the surge loop is 
much smaller than the period of the 
input voltage, the peak current Ipeax 
is equal to the peak voltage Epeax 
divided by the limiting resistance 
R;, and the resulting surge approxi- 
mates an exponentially decaying 
current with the time constant R.C. 

Surge-current ratings for recti- 
fiers are often given in terms of the 
rms value of the surge current and 
the time duration t of the surge. For 
rating purposes, the surge duration 
t is defined by the time constant 
R,C. The rms surge current I,m; is 
then approximated by the following 
equations: 


Tare = 0.7 (EyeaxC/R;5C) 
— 0.7 (EpeaxC/t) 
and 
Vitae t ss 0.7 Hae C 


where Epeax and C are the values 
‘specified by the circuit design. This 
equation may then be plotted on the 
surge-rating chart, which has axes 
labeled I,m. and t. Because R.C is 
equal to t, any given value of R, de- 
fines a specific time t, and hence a 
specific point on the plot of the equa- 
tion for I,ms t. However, R,; must be 
large enough to make this point fall 
below the rating curve for the recti- 
fier used. 

The following example illustrates 
the use of this simplified procedure 
for the half-wave rectifier circuit 
shown in Fig. 173a, which has a fre- 
quency f of 60 cycles per second and 
a peak input voltage Epes of 4950 
volts. The values shown for Epeax 
and C are substituted in the equa- 
tion for Irms t as follows: 


Irms t = 0.7 (4950) (2.5 x 107) 
= 0.0086 
When this value is plotted on the 


surge-rating chart of Fig. 174, the 
resulting line intersects the rectifier 
rating curve at 3.38 x 10* second. 
The minimum limiting resistance 
which affords adequate surge pro- 
tection is then calculated as follows: 


RC > 3.3 x 10° 
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igure 174. Surge rating chart for stack 
rectifier CR210. 


3.8 x 107 

Rs = 25 x 107 = 132 ohms 
Therefore the value of 150 ohms 
shown for R, in Fig. 1738a provides 
adequate surge-current protection 
for the rectifier. 

The design of rectifier circuits 
having capacitive loads often re- 
quires the determination of rectifier 
current waveforms in terms of av- 
erage, rms, and peak currents. These 
waveforms are needed for calcula- 
tion of circuit parameters, selection 
of components, and matching of cir- 
cuit parameters with rectifier rat- 
ings. Although actual calculation of 
rectifier current is a rather lengthy 
process, the  current-relationship 
charts shown in Figs. 175 and 176 
can be used to determine peak or 
rms current if the average current 
is known, or vice versa. 

The ratios of peak-to-average cur- 
rent (Ipeax/Iav) and rms-to-average 
current (I:ms/Iav) are shown in Fig. 
175 as functions of the circuit con- 
stants nwCRi and R;/nRx. The quan- 
tity wCRi is the ratio of resistive- 
to-capacitive reactance in the load, 
and the quantity R./Rx is the ratio 
of the limiting resistance to the load 
resistance. The factor n, referred to 
as the “charge factor”, is simply a 
multiplier which allows the chart to 
be used for various circuit configu- 
rations. The value of n is equal to 
unity for half-wave circuits, to 0.5 
for doubler circuits, and to 2 for 
full-wave circuits. (These values ac- 
tually represent the relative quantity 
of charge delivered to the capacitor 
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Figure 175. Relationship of peak, average, and rms rectifier currents in 


capacitor-input circuits. 


on each cycle.) 

In many silicon rectifier circuits, 
R, may be neglected when compared 
with the magnitude of Rr. In such 
circuits, the calculation of rectifier 
currents is simplified by use of Fig. 
176, which gives current ratios un- 
der the limitation that R;/Rxi ap- 
proaches zero. Even if this condition 


RECTIFIER—CURRENT RATIOS 


is not fully satisfied, the use of Fig. 
176 merely indicates a higher peak 
and higher rms current than will 
actually flow in the circuit, i.e., the 
rectifiers will operate more con- 
servatively than calculated. As a 
result, this simplified solution can 
be used whenever a rough approxi- 
mation or a quick check is needed 


WT NTT 
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Figure 176. Forward-current ratics for rectifiers in ca seitoraneut circuits 
in which Rs is much less than 1/ 
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on whether a particular rectifier will 
fit a specific application. When more 
exact information is needed, the 
chart of Fig. 175 should be used. 

Average output voltage E,, is an- 
other important quantity in capaci- 
tor-input rectifier circuits because 
it can be used to determine average 
output current I,,. The relationships 
between input and output voltages 
for half-wave, voltage-doubler, and 
full-wave circuits are shown in Figs. 
177, 178, and 179, respectively. Fig. 
180 shows curves of output ripple 
voltage (as a percentage of E,v) for 
all three types of circuits. 

The following example illustrates 
the use of these curves in rectifier- 
current calculations. Both exact and 
approximate solutions are given. 
For the half-wave circuit of Fig. 
173a, the resistive-to-capacitive re- 
actance wCRx is given by 
wCRzi = 2m x 60 x 2.5 x 10* x 200,000 

= 189 
For an exact solution using Fig. 175, 
the ratio of R, to Rr is first calcu- 
lated as follows: 


R, 150 


R. = 200,000 = 0.075 
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Figure 177. Relationship of applied ac 
peak voltage to dc output voltage in half- 
wave capacitor-input circuit. 
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Figure 178. Relationship of applied ac 
peak voltage to dc output voltage in capa- 
citor-input voltage-doubler circuit. 


The values for wCR: and R./Ru are 
then plotted in Fig. 177 to determine 
the average output voltage E., and 
the average output current Ia as 
follows: 


Ey / Epeax = 98 per cent 


Eav = 0.98 x 4950 = 4850 volts 
Toy — Eav/Ru 
Inv = 4850 volts/200,000 ohms 


= 24.2 milliamperes 


This value of I,v is then substituted 
in the ratio of I-ms/Iav obtained from 
Fig. 175, and the exact value of rms 
current I,ms in the rectifier is de- 
termined as follows: 


Lene Lay — 4.4 
Irms = 4.4 x 24.2 = 107 milliamperes. 


For a _ simplified solution using 
Fig. 176, it is assumed that the aver- 
age output current Ivy is approxi- 
mately equal to the peak input volt- 
age Eyeax divided by the load resist- 
ance Rx, as follows: 


ly — Byeax/ Ru 
Iiv = 4950/200,000 
= 24.7 milliamperes 
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Figure 179. Relationship of applied ac peak voltage to dc output voltage 
in full-wave capacitor-input circuit. 
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Figure 180. RMS ripple voltage in capacitor-input circuit. 
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Figure 181. 


This value of I,, is then substituted 
in the ratio of I,ms/Iay obtained from 
Fig. 176, and the approximate rms 
current is determined, as follows: 


leasplse = 5.7 
ine — Dak x oat 
= 141 milliamperes 


Current-versus-temperature ratings 
for rectifiers are usually given in 
terms of average current for a re- 
sistive load with 60-cycle sinusoidal 
input voltage. When the ratio of 
peak-to-average current becomes 
higher (as with capacitive loads), 
however, junction heating effects be- 
come more and more dependent on 
rms current rather than average cur- 
rent. Therefore, capacitive-load rat- 
ings should be obtained from a curve 
of rms current as a function of tem- 
perature. Because the ratio of rms- 
to-average current for the rated 
service is 1.57 (as shown by Irms/Iay 
at low wCR on Figs. 175 and 176), 
the current axis of the average-cur- 
rent rating curves for a sinusoidal 
source and resistive load can be mul- 
tiplied by 1.57 to convert the curves 
to rms rating curves. Fig. 181 shows 
an example of this conversion for 
RCA stack rectifier rating curves. 


Current-temperature ratings for silicon stack rectifiers. 


HEAT SINKS 


Silicon rectifiers are often mounted 
on devices called “heat sinks”. A 
heat sink generally consists of a rel- 
atively large metal plate attached to 
the heat-conducting side of the recti- 
fier. Because of its large surface, a 
heat sink can readily dissipate heat 
and thereby safeguard the rectifier 
against damage. 

The size of a heat sink for a given 
rectifier application depends upon the 
ambient temperature and the maxi- 
mum average forward current of the 
rectifier. As a result, the actual size 
must be calculated for each applica- 
tion which involves an ambient tem- 
perature or forward current other 
than that recommended by the man- 
ufacturer. For this calculation, two 
charts are used: the current-multi- 
plying-factor chart shown in Fig. 
182, and the heat-sink cooling chart 
shown in Fig. 183. Fig. 182 applies to 
all rectifier types for both polyphase 
and de operation; Fig. 183 differs for 
different rectifier types. 

The ca{culation requires four steps: 

1. From Fig. 182, the current-mul- 
tiplying factor is determined for the 
applicable conduction angle (i.e., the 


Silicon Rectifiers 


FOR DC OPERATION USE MULTIPLYING 
FACTOR =0.8 


CURRENT MULTIPLYING FACTOR 


60 80 100 120 140 160 180 
CONDUCTION ANGLE — DEGREES 
92CS-IO91I0T 


Figure 182. Current-multiplying-factor 
chart. 


fraction of the ac input cycle during 
which forward current is expected to 
flow in the particular application). 
For de operation of a silicon recti- 
fier, a multiplying factor of 0.8 is 
generally specified. 


2. The desired output current (ex- 


pressed in amperes) is divided by 
the number of current paths. The ac- 
tual number of paths depends on the 
type of operation intended, and can 
be determined from the table below. 


Type of Number of 
Operation Current Paths 


Single-Phase, Full-Wave: 
Center-Tapped 
Bridge 

Three-Phase: 
7 
Double Y : 
Bridge 

Six-Phase Star 


The resulting figure is the average 
forward current of the rectifier. 

3. The average current is then 
multiplied by the current-multiply- 
ing factor obtained in Step 1. The 
resulting figure represents the ad- 
justed average forward current of 
the rectifier. 

4. This adjusted current is applied 
to Fig. 183 to determine either the 
maximum allowable ambient tem- 
perature for a given heat-sink size 
or the minimum heat-sink size for a 
given ambient temperature. (Pub- 
lished data may also include a chart 
similar to Fig. 183 for forced-air- 
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Figure 183. Typical heat-sink cooling chart. 


cooling applications. ) 

The following example illustrates 
the calculation of minimum heat-sink 
size for a three-phase, half-wave (Y) 
circuit. The conduction angle is 120 
degrees, the desired output current 
is 90 amperes, and the ambient tem- 
perature is 90 degrees centigrade. 

1. From Fig. 182, the current-multi- 
plying factor for a conduction angle 
of 120 degrees is 1.18. 

2. For three-phase half-wave oper- 
ation, the number of current paths is 
3. The average forward current 
through the rectifier, therefore, is 90 
divided by 3, or 30 amperes. 

3. This average forward current is 
then multiplied by the current-multi- 
plying factor (1.18) obtained in Step 
1 to provide an adjusted forward 
current of 35.4 amperes. 

4, From Fig. 183, the minimum 
heat-sink size for the above condi- 
tions is found to be 6 by 6 inches. 
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Silicon Controlled Rectifiers 


HE silicon controlled rectifier 

(SCR) is basically a four-layer 
n-p-n-p semiconductor device having 
three electrodes: a cathode, an 
anode, and a control electrode called 
the gate. Like all rectifiers, it con- 
ducts current primarily in one di- 
rection. However, it differs from 
conventional rectifiers in that it will 
not conduct a substantial amount of 
current in the forward direction un- 
til the anode voltage exceeds a cer- 
tain minimum value ealled_ the 
forward breakover voltage. The value 
of this voltage can be varied, or 
‘controlled, by the introduction of an 
external signal at the third elec- 
trode, or gate, of the silicon con- 
trolled rectifier. This unique control 
characteristic makes the SCR a par- 
ticularly useful switching or power- 
control-device, especially in high- 
power circuits. 

(The name thyristor has been 
adopted’as a generic term for semi- 
conductor devices having control 
characteristics similar to those of 
thyratron tubes. The silicon con- 
trolled rectifier belongs in this gen- 
eric class, and is, more specifically, 
a reverse-blocking triode type of 
thyristor. ) 


CONSTRUCTION 


Fig. 184 shows a cutaway view of 
a silicon controlled rectifier. Con- 
struction details for the semiconduc- 
tor pellet are shown in Fig. 185. The 
alternate layers of diffused silicon 
material serve as the cathode, the 
gate, the base (or substrate), and the 
anode. These layers are enclosed in 


a special metal container which is 
hermetically sealed to maintain an 


ultra-dry atmosphere. This con- 
tainer is then mounted in a rugged 
case which provides’ protection 


CATHODE TERMINAL 


N (CATHODE) 
P (GATE) 

N (BASE) 

P (ANODE) 


PEDESTAL 


Figure 184. Construction details of typical 
silicon controlled rectifier. 


against severe thermal environmen- 
tal stresses. The pedestal below the 
semiconductor layers acts as a heat 
sink to help dissipate the heat de- 
veloped internally during operation. 


Silicon Controlled Rectifiers 


CATHODE OHMIC 
CONTACT AREA 


GATE OHMiC— 
CONTACT AREA 


-Figure 185. Construction of SCR pellet. 


CURRENT-VOLTAGE 
CHARACTERISTICS 


The voltage-current characteristic | 


and the circuit symbol of the silicon 
controlled rectifier are shown in Fig. 
186. Under reverse-bias conditions, 
the device operates in a manner simi- 
lar to that of conventional rectifiers, 
“and exhibits a slight reverse leak- 
age current which is called the re- 
verse blocking current (Irsom). This 
current has a small value until the 
peak reverse voltage vem is ex- 
ceeded, at which point the reverse 
current increases by several orders 
of magnitude. The value of the peak 
reverse voltage differs for individual 
SCR’s. 

Under forward-bias_ conditions, 
there is a similar small leakage cur- 
rent called the forward blocking cur- 
rent (Irsomu). Also, as the forward 
bias is increased, a voltage point is 
reached at which a forward break- 
over condition occurs and forward 
current increases rapidly. This point 
is called the forward voltage break- 
over point (Vz00). 

However, when the forward cur- 
rent exceeds a critical value at Vzoo, 
the voltage across the device sud- 
denly reverts back to a very low 
value (Vr). (It is assumed that the 
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rectifier is connected to a load resist- 
ance of sufficient value to permit 
this “cut-back” in voltage.) When 
this phenomenon occurs, the rectifier 
is considered to be triggered, or in 
the “on” condition. The forward cur- 
rent then continues to increase rap- 
idly with slight increases in forward 
bias, and the device enters a state of 
high forward conduction. 

It can be seen that when the for- 
ward breakover voltage of a silicon 
controlled rectifier is exceeded, the 
high internal resistance of the device 
changes to a very low value. The 
lower resistance then permits a high 
current to flow through the device 
at very low voltage values (Vs). 


1 i-Yam(non—rep) 


: VeBom(rep) 
I IR 
Vam(rep) 
{a) 
CATHODE 
GATE 
ANODE. 
(b) 
Figure 186. (a) Typical voltage and current 


characteristic and (b) circuit symbol for 
silicon controlled rectifier. 


This change in internal resistance 
makes the SCR an ideal device for 
switching applications. When the 
operating voltage is below the break- 
over point, rectifier current is ex- 
tremely small and the switch is 
effectively open. When the voltage 
increases to a value exceeding the 
breakover point, the rectifier switches 
to its high-conduction state and the 
switch is closed. The silicon controlled 
rectifier remains in the high-conduc- 
tion state until the current drops be- 
low a value which can maintain the 
breakover condition. This value is 
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called the holding current (ixoo). 
When the anode-to-cathode voltage 
drops to a value too low to support 
a current equal to inoo, the device re- 
verts back to the forward blocking 
region, and the rectifier switches to 
the “off” mode. 

The voltage breakover point of a 
silicon controlled rectifier can be 
varied, or controlled, by injection of 
a signal at the gate, as indicated by 
the family of curves shown in Fig. 
187. When the gate current is zero, 


Figure 187. Family of curves with gate cur- 

rent at different values. 
the forward voltage must reach the 
Vzoo value of the device before break- 
over occurs. As the gate current is in- 
creased, however, the value of break- 
over voltage becomes less until the 
curve closely resembles that of a 
conventional rectifier. In normal op- 
eration, silicon controlled rectifiers 
are operated well below the forward 
voltage breakover point, and a gate 
signal of sufficient amplitude is used 
to assure triggering of the rectifier 
to the “on” mode. 

After the silicon controlled rec- 
tifier is triggered by the gate signal, 
the current flow through the device 
is independent of gate voltage or 
gate current. It remains in the high- 
conduction state until the primary 
or anode current is reduced to a level 
below that required to sustain con- 
duction. Turnoff of the device can 
be achieved in minimum time by 
application of a reverse bias. 


MAXIMUM RATINGS 


Like other semiconductor devices, 
silicon controlled rectifiers must be 
operated within the maximum rat- 
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ings specified by the manufacturer 
for best results in terms of per- 
formance, life, and reliability. Sev- 
eral voltage ratings are generally 
given for SCR’s to prevent opera- 
tion beyond the breakover points of 
the characteristic curve and possible 
permanent damage to the semicon- 
ductor pellet. Other ratings are given 
to define the values of current and 
power that the device can safely 
handle. The following definitions are 
used for the various ratings and 
characteristics given in the data 
charts for SCR’s in this Manual: 

Maximum peak reverse voltage 
Vem(rep) is the maximum instan- 
taneous value of negative (reverse- 
blocking) voltage which may be ap- 
plied repetitively between anode and 
cathode when the gate is open (gate 
voltage zere or negative with respect 
to cathode). 

Maximum transient peak reverse 
voltage vru(non-rep) is the maxi- 
mum instantaneous value of negative 
(reverse-blocking) voltage which 
may be applied between anode and 
cathode for not more than 5 milli- 
seconds when the gate is open. 

Maximum peak forward blocking 
voltage vrsom(rep) is the maxi- 
mum instantaneous value of positive 
(forward-blocking) voltage which 
may be applied repetitively between 
anode and cathode when the gate is 
open. . 

Maximum average forward cur- 
rent Imray and maximum rms _ for- 
ward current Irzums are the maxi- 
mum average (dc) and rms values 
of current allowed to flow from 
anode to cathode for a conduction 
angle of 180 degrees at a specified 
case temperature. 

Maximum peak surge current 
irm(surge) is the maximum total in- 
stantaneous value of forward current 
which may be imposed during one 
forward half-cycle with the device 
operating within its specified maxi- 
mum voltage, average-forward-cur- 
rent, gate-power, and temperature 
ratings in a single-phase circuit with 
60-cycle-per-second supply and re- 
sistive load. The peak surge current 
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may be repeated after sufficient time 
has elapsed for the device to return 
to pre-surge thermal equilibrium 
conditions. 

Maximum peak forward or reverse 
blocking current irsom Or irsom is 
the maximum value of the forward 
or reverse blocking current when the 
gate is open. 

Forward breakover voltage vsoo is 
the value of positive anode voltage 
at which an SCR switches into the 
conducting state when the gate is 
open. 

Holding current inoo is the instan- 
taneous value of forward current 
ir below which an SCR with its gate 
open returns to its forward blocking 
state. 

Forward voltage drop vr is the in- 
stantaneous voltage drop across an 
SCR at a given instantaneous for- 
ward current ir. 

Gate-trigger current Icgr is the 
gate current required to trigger an 
SCR operating at a specified tem- 
perature when the anode is at a po- 
tential of +6 volts with respect to 
the cathode. 

Gate-trigger voltage Vcr is the 
gate-to-cathode voltage required to 
trigger an SCR operating at a spec- 
ified temperature when the anode 
is at a potential of +6 volts with 
respect to the cathode. 

Maximum peak gate power Pew is 
the maximum instantaneous value 
of power dissipated between gate 
and cathode. 

If the value and duration of ex- 
pected surge currents in an SCR 
circuit are greater than the ratings 
for the particular device, it is neces- 
sary to add a fuse or other type of 
protective element to the circuit to 
protect the SCR. As in the case of 
silicon rectifiers, the fusing require- 
ments can be determined by use of 
a coordination chart based on the 
surge rating chart included in the 
published data for the type of SCR 
used. In the case of silicon con- 
trolled rectifiers, however, the surge 
rating charts are usually given for 
maximum rated average forward 
current during 180-degree conduc- 
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tion at a specified case temperature; 
for other conduction angles and case 
temperatures, the curves must be 
derated as prescribed in the data. 


TRIGGERING 
CHARACTERISTICS 


As stated previously, SCR’s are 
normally operated well below the 
forward voltage breakover point and 
are triggered into conduction by a 
gate signal of sufficient amplitude. 
The trigger signal applied to the 
gate of the SCR must not exceed 
the maximum ratings of the gate, 
but must be sufficiently large to as- 
sure reliable triggering under all 
conditions. However, the gate volt- 
age during “off” periods must be 
sufficiently low to prevent random 
triggering. Because the maximum 
gate voltage for “off” periods varies 
with temperature, a sufficiently low 
voltage must be used to prevent 
undesired triggering at all tempera- 
ture values encountered in a par- 
ticular application. Fig. 188 shows 
typical gate-voltage requirements 
for triggering the 2N681 silicon con- 
trolled rectifier. 

The SCR gate is usually over- 
driven with gate trigger pulses many 
times the dc triggering current of 
the device to provide positive trig- 


gering, reduce turn-on variations, 
minimize temperature effects, and 
decrease switching time. Restric- 


tions on peak gate power, maximum 
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Figure 188. Triggering characteristics for 
2N681. - 
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gate voltage, and maximum gate 
current often result in a narrow 
area between the minimum require- 
ments to trigger the SCR and the 
maximum gate limitations. RCA sili- 
con controlled rectifiers utilize a co- 
axial construction and a “shorted 
emitter” technique to extend the 
range of maximum gate ratings and 
reduce the spread in gate turn-on 
characteristics for more reliable and 
precise triggering performance. 

The “shorted emitter’ technique 
makes use of the resistance path be- 
tween the gate layer and the cathode 
contact shown in Fig. 185. When 
gate current is first initiated in the 
SCR, most of the current bypasses 
the gate-cathode junction and flows 
from the gate layer through the 
resistance element directly to the 
cathode contact. When the threshold 
voltage of the gate-cathode junction 
is exceeded, the SCR is turned on. 
Because the resistance element also 
shunts some reverse current from 
the cathode-gate junction, it allows 
greater flexibility in the reverse di- 
rection. Thus, the “shorted emitter” 
technique allows greater peak gate 
power dissipations in both the for- 
ward and reverse directions, pro- 
vides more uniform gate character- 
istics, and also improves forward 
blocking capability. 

When a negative voltage is ap- 
plied to the anode of an SCR, the 
positive voltage at the gate signifi- 
cantly increases the reverse leak- 
age current and, as a result, the 
power which must be dissipated by 
the device. This dissipation may be 
reduced by means of a “clamping” 
circuit in which a diode and a re- 
sistor are connected between the 
gate and the anode. This arrange- 
ment attenuates positive gate sig- 
nals when the anode is negative. An 
alternative arrangement is to place 
a conventional rectifier having a low 
reverse leakage current in series 
with the SCR. A large percentage 
of the negative voltage is then as- 
sumed by the diode, and reverse dis- 
sipation in the controlled rectifier 
is greatly reduced. 
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SWITCHING 
CHARACTERISTICS 


When an SCR is triggered by a 
gate signal, the turn-on time of the 
device occurs in two steps, a delay 
time and a rise time, as shown in 
Fig. 189. The turn-on time ton is de- 
fined as the time interval between 
the initiation of the gate signal and 
the time when the resulting forward 
current reaches 90 per cent of its 
maximum value. The delay time ta 
is defined as the time between the 
50-per-cent point of the leading edge 
of the gate-trigger voltage and the 
10-per-cent point of the resulting 
forward anode current. The rise time 
t, is the time interval required for 
the anode current to rise from 10 
per cent to 90 per cent of its maxi- 
mum value. Turn-on time (ton = 
ta + tr) is affected to some extent 
by the forward blocking voltage and 
the peak forward current level of 
the SCR, but is influenced primarily 
by the magnitude of the gate trigger 
pulse. 
available from the gate trigger 
pulses, the delay-time portion of the 
turn-on period is reduced, and the 
over-all turn-on time is decreased. 
The use of higher gate driving sig- 
nals also helps to reduce variation 
of turn-on times between units and 
for a variety of conditions. The 
value of ton is an indication of the 
response time of the SCR. 

During and immediately following 
the rise time, the current flowing 
from anode to cathode is concen- 


trated in a portion of the cathode 


nearest the gate. The finite time re- 
quired for the spread of the current 
to the remainder of the cathode is 
called the equalization time t.. Until 
the current density is equalized, the 
dynamic forward voltage drop is 


high, power loss is high, and the 


unequal “power density” can produce 


When larger currents are 


hot spots in the cathode. The initial — 


magnitude and time constant of re- 
duction of the dynamic forward volt- 
age drop during the time t. is an 


indication of the current-switching — 


capability of the SCR. The turn-on 
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Figure 189. Switching 


losses resulting from this equaliza- 
tion period are proportional to the 
current and the repetition rate of 
the gate signal and, in many appli- 
cations, determine the output avail- 
able from the SCR. 

_ The turn-off time of an SCR also 
occurs in two steps, a reverse re- 
covery time and a gate recovery 
time, as shown in Fig. 189. When 
the forward current is reduced to 
zero at the end of a conduction 
period, application of reverse anode 
voltage causes reverse current to 
‘flow in the SCR until the reverse 
blocking junction (between. the p- 
type anode layer and the n-type base 
or substrate) establishes a depletion 
region. The time interval between 
the application of reverse voltage 
and the time that the reverse cur- 
rent reaches its peak value is called 
the reverse recovery time t;;. A sec- 
ond recovery period called the gate 
recovery time t,, must then elapse 
until the forward blocking junction 
(between the n-type base or sub- 
strate and the p-type gate layer) 
can establish a forward depletion 
region so that forward blocking volt- 
age can be reapplied and success- 
fully blocked by the SCR. 

The gate recovery time t,, is gen- 
erally much larger than the reverse 
recovery time t;,. The total time 
measured from the beginning of re- 
verse recovery current flow to the 
beginning of the reapplied forward 


waveshapes for SCR. 


blocking voltage is called the turn- 
off time torr. Factors affecting turn- 
off time include the forward current 
prior to turn-off, the rate of change 
of current during the transition from 
forward to reverse, the reverse cur- 
rent available, the reverse blocking. 
voltage, the rate of change of the 
reapplied forward voltage, the gate 
trigger level, the gate bias, and the 
junction temperature. Of these ef- 
fects, temperature and forward cur- 
rent are the most significant. 

The gate trigger pulse for an SCR 
must be maintained only until the 
magnitude of the forward current 
has reached the “latching-current” 
value (i.e., the value at which the 
forward voltage drops to a rela- 
tively low value and the high internal 
resistance of the device changes to 
a very low resistance). In most con- 
servative designs, however, the gate 
trigger pulse width is at least equal 
to or somewhat greater than the 
complete turn-on time of the device. 
In all cases, the total average gate 
dissipation in both the forward and 
the reverse direction must not ex- 
ceed the rated value for the SCR 
being used. 


OVERLOAD PROTECTION 


In any silicon-controlled-rectifier 
circuit, precautions should be taken 
to protect the device from over- 
current and over-voltage surge con- 
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ditions. Protection against over- 
current surges can be achieved by 
either preventing or interrupting the 
current surge, or by limiting the 
magnitude of the current flow by 
means of the circuit impedance. For 
the first approach, circuit fuses or 
breakers can be used effectively to 
disconnect the entire circuit from 
the power supply or to isolate the 
faulted silicon controlled rectifiers. 
In addition, de fuses can be used to 
protect the devices from de feedback 
originating in the load or parallel 
conduction circuits. The magnitude 
of the over-current flow can be lim- 
ited by proper selection of source 
and transformer impedances, as well 
as the inductance and reactance, of 
the de circuit. 

The effects of voltage transients 
in silicon-controlled-rectifier circuits 
can be minimized by reducing the 
rate at which the energy is dissipated 
in the devices. This “slowdown” of 
energy release can be achieved by 
relocation of the switching elements 
in the circuit or by a change in the 
sequence of switching. Other pre- 
ventive methods include the change 
of speed of current interruption by 
the switching elements, or the use 
of an additional energy source or 
dissipation means in the circuit. 


POWER CONTROL 


As mentioned previously, silicon 
controlled rectifiers are used in a 
large number of commercial and in- 
dustrial power-control applications. 
Fig. 190a shows a simple power-con- 
trol circuit using: a controlled recti- 
fier; Fig. 190b shows the waveforms 
for applied voltage and load current. 
In this circuit, the rectifier is con- 
nected in series with the load, and 
the gate circuit receives its trigger- 
ing signal from the pulse generator. 
The rectifier selected has a voltage 
breakover point which is higher than 
the value of applied peak ac anode 
voltage. As a result, if no gate sig- 
nal is applied by the pulse genera- 
tor, the rectifier remains in the “off” 
condition, and no current flows 
through the load except a slight 
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Figure 190. (a) Basic power-control circuit 
and (b) waveforms for supply voltage, load 
current, and gate current. 

leakage current. 

When a gate signal of sufficient 
amplitude is applied at the beginning 
of the positive anode voltage, the 
rectifier is triggered and current 
flows through the circuit for the re- 
mainder of the positive cycle, even 
when the triggering signal is re- 
moved. The load current ceases only 
when the applied ac signal becomes 
negative and the rectifier current 
falls below the value required to 
maintain conduction. 

A silicon controlled rectifier can 
be used to conduct during any de- 
sired portion of the positive cycle 
of anode voltage by applying the 
gate signal at the proper value of 
the anode voltage. For example, if 
the triggering signal is applied at 
the positive peak of the anode volt- 
age waveform, the rectifier conducts 
only a quarter of the cycle. This flex- 
ibility of control distinguishes the 
silicon controlled rectifier from all 
other types of semiconductor devices. 


CURRENT RATIOS 


In the design of circuits using 


Silicon Controlled Rectifiers 


silicon controlled rectifiers, it is 
often necessary to determine the spe- 
cific values of peak, average, and 
rms current flowing through the de- 
vice. In the case of conventional rec- 
tifiers, these values are readily 
determined by the use of the current 
ratios shown in Table I of the sec- 
tion on Silicon Rectifiers. For sili- 
econ controlled rectifiers, however, 
the calculations are more difficult 
because the current ratios become 
functions of both the conduction 
angle and the firing angle of the 
device. 

The charts in Figs. 191, 192, and 
193 show several current ratios as 
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Figure 191. Ratio of device current as a 

function of conduction and firing angles for 

single-phase half-wave conduction into’ a 
resistive load. 


180 150 


functions of conduction and firing 
angles for three basic silicon-con- 
trolled-rectifier circuits. These charts 
can be used in a number of ways to 
calculate desired current values. For 
example, they can be used to de- 
termine the peak or rms current in 
a silicon controlled rectifier when a 
certain average current is to be de- 
livered to a load during a specific 
part of the conduction period. It is 
also possible to work backwards and 
determine the necessary period of 
conduction if, for example, a specified 
peak-to-average current ratio must 
be maintained in a particular appli- 
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Figure 192. Ratio of device current as a 
function of conduction and firing angles for 
single-phase full-wave conduction into a 
resistive load. 

cation. Another use is the calculation 
of the rms current at various conduc- 
tion angles when it is necessary to 
determine the power delivered to a 
load, or power losses in transform- 
ers, motors, leads, or bus bars. Al- 
though the charts are presented in 
terms of device current, they are 
equally useful for the calculation of 
load current and voltage ratios. 

The charts provide ratios relating 
average current Iavg, rms current 
I-ms, peak current Ix, and a param- 
eter I, called the reference current. 
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Figure 193. Ratio of device current as a 

function of conduction and firing angles for 

three-phase half-wave circuit having a 
resistive load. 
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This last value represents a con- 
stant of the circuit, and is equal to 
the peak source voltage V,;x divided 
by the load resistance Ry. The term 
I,x refers to the peak current which 
appears at the controlled rectifier 
during its period of forward con- 
duction. I, is the maximum value 
that the current can obtain and corre- 
sponds to the peak of the sine wave. 
For conduction angles greater than 
90 degrees, I,. is equal to I.; for 
conduction angles smaller than 90 
degrees, I,x is smaller than Iu. 

The general procedure for the use 
of the charts is as follows: 


(1) Identify the unknown or de- 
sired parameter. 

(2) Determine the values of the 
parameters fixed by the cir- 
cuit specifications. 

(3) Use the appropriate curve to 
find the unknown quantity as 
a function of two of the fixed 
parameters. 


Example No. 1: In the single- 
phase half-wave circuit shown in 
Fig. 194, a 2N685 silicon controlled 
rectifier is used to control power 
from a sinusoidal ac source of 120 
volts rms (170 volts peak) into a 
2.8-ohm load. This application re- 
quires a load current which can be 
varied from 2 to 25 amperes rms. It 
is necessary to determine the range 
of conduction angles required to ob- 
tain this range of load current. 

First, the reference current I, is 
calculated, as follows: 

Vox 170 


R= 33 > 61 amperes 


The ratios of Irms/Io for the maxi- 
mum and minimum load-current 
values are then calculated, as fol- 
lows: 


t Re 2 
ke | min SEES, AE ihe =e 0.033 


toe 25 
E | gD AaB ya wn 


These current-ratio values are then 
applied to curve 3 of Fig. 191, and 
the corresponding conduction angles 
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using resistive load, and respective equa- 
tions for device current. 


are determined to be 
(8.) min = 15 degrees 
(0.) max = 106 degrees 


Example No. 2: In the single- 
phase full-wave bridge circuit (two 
legs controlled) shown in Fig. 195, a 
constant average load current of 
seven amperes is to be maintained 
while the load resistance varies from 
0.2 to 4 ohms. In this case, it is 
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circuit using resistive load, and respective 
equations for device current. 
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necessary to determine the variation 
required in the conduction angle. The 
average silicon controlled rectifier 
current is half the load current, or 
3.5 amperes. The applicable current 
ratios for this circuit are shown in 
Fig. 191 (the individual device cur- 
rents are half-wave although the 
load current is full-wave). 

Again, the first quantity to be cal- 
culated is the reference current. Be- 
cause the reference current varies 
with the load resistance, the maxi- 
mum and minimum values are de- 
termined as follows: 


(I.) max = = ae oi eid 
= (Ry) min © 0:2 
= 225 amperes 
Vox 45 
I, i om peared ere 
faery (Ri) max 4 


= 11.2 amperes 


The corresponding ratios of Iavg/I. 
are then calculated, as follows: 
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Finally, these ratios are applied to 
curve 2 of Fig. 191 to determine the 
desired conduction values, as fol- 
lows: 
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Example No. 3: In the three-phase 
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half-wave circuit shown in Fig. 196, 
the firing angle is varied continu- 
ously from 30 to 155 degrees. In this 
case, it is necessary to determine 
the resultant variation in the at- 
tainable lead power. Reference cur- 
rent for this circuit is determined 
as follows: 


ia Bo 
Rey, 1200 


Rectifier current ratios are de- 
termined from Fig. 193 for the 


| Ea ae = 28 amperes 


extremes of the firing range, as 
follows: 
be ghors 
Or = 30 soho = 0.49 
° jE 
Or = 155°; ; = 0.06 


These ratios, together with the ref- 
erence current, are then used to de- 
termine the range of rms current in 
the rectifiers, as follows: 
(.A8) maxes 0.492 28 
= 13.7 amperes 
(Irms) min = 0.06 x 28 
= 1.7 amperes 
In this circuit, the rms current in 
the load is equal to the rms recti- 
fier current multiplied by the square 
root of three;-as a result, the de- 
sired power range of the load is as 
follows: 
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Figure 196. Three-phase half-wave circuit using resistive load, and respective equations 
for device current. 
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Tunnel Diodes and Other 


Semiconductor Diodes 


TUNNEL DIODES 


TUNNEL diode is a small p-n 

junction device having a very 
high concentration of impurities in 
the p-type and n-type semiconductor 
materials. This high impurity den- 
sity makes the junction depletion 
region (or space-charge region) so 
narrow that electrical charges can 
transfer across the junction by a 
quantum-mechanical action called 
“tunneling”. This tunneling effect 
.provides a negative-resistance region 
on the characteristic curve of the de- 
vice that makes it possible to achieve 
amplification, pulse generation, and 
rf-energy generation. 


Construction 


The structure of a tunnel diode is 
extremely simple, as shown in Fig. 
197. A small “dot” of highly con- 
ductive n-type (or p-type) material 
is alloyed to a pellet of highly con- 
ductive p-type (or n-type) material 
to form the semiconductor junction. 
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The pellet (approximately 0.025 inch 
square) is then soldered into a low- 
inductance, low-capacitance case. A 
very fine mesh screen is added to 
make the connection to the “dot”. 
The device is then encapsulated, and 
a lid is welded over the cavity. 

At the present time, most commer- 
cially available tunnel diodes are 
fabricated from either germanium or 
gallium arsenide. Germanium devices 
offer high speed, low noise, and low 
rise times (as low as 40 picoseconds). 
Gallium arsenide diodes have a volt- 
age swing almost twice that of ger- 
manium devices, and, as a result, can 
provide power outputs almost four 
times as high. Because of their 
power-handling capability, gallium 
arsenide tunnel diodes are being used 
in an increasing number of applica- 
tions, and appear to be particularly 
useful as microwave oscillators. 


Characteristics 


Typical current-voltage character- 
istics for a tunnel diode are shown 
in Fig. 198. Conventional diodes do 
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Figure 197. Structure of a tunne! diode. 
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Figure 198. Typical current-voltage characteristic of a tunnel diode. 


not conduct current under conditions 
of reverse bias until the breakdown 
voltage is reached; under forward 
bias they begin to conduct at ap- 
proximately 300 millivolts. In tunnel 
diodes, however, a small reverse bias 
causes the valence electrons of semi- 
conductor atoms near the junction to 
“tunnel” across the junction from 
the p-type region into the n-type 
region; as a result, the tunnel diode 
is highly conductive for all reverse 
biases. Similarly, under conditions of 
small forward bias, the electrons in 
the n-type region “tunnel” across 
the junction to the p-type region and 
the tunnel-diode current rises rapidly 
to a Sharp maximum peak I,. At in- 
termediate values of forward bias, 
the tunnel diode exhibits a negative- 
resistance characteristic and the cur- 
rent drops to a deep minimum valley 
point I,. At higher values of forward 
bias, the tunnel diode exhibits the 
diode characteristic associated with 
conventional semiconductor current 
flow. The decreasing current with in- 
creasing forward bias in the negative- 
resistance region of the characteristic 
provides the tunnel diode with its 
ability to amplify, oscillate, and 
switch. 


Equivalent Circuit 


In the equivalent circuit for a tun- 
nel diode shown in Fig. 199, the n- 
type and p-type regions are shown as 
pure resistances r; and r2. The tran- 
sition region is represented as a 
voltage-sensitive resistance R(v) in 
parallel with a voltage-sensitive ca- 
pacitance C(v) because tunneling is 


TRANSITION 
Ne REGION (oil 
r R(v) Tle 
Orr 
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Figure 199. Equivalent circuit for a tunnel 
diode. 


a function of both voltage and junc- 
tion capacitance. This capacitance is 
similar to that of a parallel-plate 
capacitor having plates separated by 
the transition region. 

The dashed portion L in Fig. 199 
represents an inductance which re- 
sults from the case and mounting of 
the tunnel diode. This inductance is 
unimportant for low-frequency di- 
odes, but becomes increasingly im- 
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portant at high frequencies (above 
100 megacycles). 

Fig. 200 shows the form of the 
equivalent circuit when the diode is 
biased so that its operating point is 
in the negative-resistance region; 
dynamic characteristics of tunnel di- 
odes are defined with respect to this 
circuit. Ls represents the total series 
inductance, and Rs the total series 
resistance, Cy is the capacitance and 
—Rp is the negative resistance of 
the diode. For small signal varia- 
tions, both the resistance Rp and the 
capacitance Cp are constant. 

The figure of merit F of a tunnel 
diode is equal to the reciprocal of 
2rRC, where R and C are the equiva- 
lent values — Rp and Cp, respectively, 
shown in Fig. 200. This expression 
has two very useful interpretations: 


Ls 


-Rp Co 
Rs 


Figure 200. Equivalent circuit for a tunnel 
diode biased in hs negative-resistance 
region. 


(1) it is the diode gain-bandwidth 
product for circuits operating in the 
linear negative-resistance region of 
the characteristic, and (2) its recip- 
rocal is the diode switching time 
when the device is used as a logic 
element. 


Applications 


When the tunnel diode is used in 
circuits such as amplifiers and oscil- 
lators, the operating point must be 
established in the negative-resistance 
region. The de load line, shown as 
a solid line in Fig. 201, must be very 
steep so that it intersects the static 
characteristic curve at only one point 
A. The ac load line can be either 
steep with only one intersection B, 
as in the case of an amplifier, or 
relatively flat with three intersec- 
tions C, D, and E, as in the case of 
an oscillator. The location of the op- 
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OC LOAD LINE 
—-—--— AC LOAD LINE 


Figure 201. Typical load lines for tunnel- 


diode circuits. 


erating point is determined by the 
anticipated signal swing, the required 
signal-to-noise ratio, and the operat- 
ing temperature of the device. Bias- 
ing at the center of the linear portion 
of the negative-resistance slope per- 
mits the greatest signal swing. For 
high-temperature operation, a higher 
operating current is chosen; for low 
noise, the device is operated at the 
lowest possible bias current. 

Because tunnel diodes can operate 
effectively at frequencies above 300 
megacycles, they are particularly 
suitable for use in microwave am- 
plifiers and oscillators. In microwave 
amplifier circuits, tunnel diodes offer 
low noise, as well as small size and 
weight, low cost, and low power 
drain. In addition, bandwidths in 
excess of an octave can readily be 
obtained because of the wideband 
negative-resistance characteristic of 
tunnel diodes. However, this wide- 
band negative resistance makes sta- 
bilization an important problem in 
the design of microwave tunnel- 
diode amplifiers. 

In microwave oscillator circuits, 
tunnel diodes can provide useful 
power outputs at frequencies as high 
as 5000 megacycles. Compared to 
vacuum-tube microwave oscillators, 
tunnel-diode oscillators are inexpen- 
sive, require only a fraction of a 
volt de bias, and are rugged and 
reliable in severe environments. 
Compared to transistor-driven va- 
ractor frequency-multiplier circuits, 
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they are simple and compact, and 
afford higher dc-to-rf conversion 
efficiencies. (More detailed infor- 
mation on microwave tunnel-diode 
circuits, as well as on other tunnel- 
diode applications, is given in the 
RCA TUNNEL-DIODE MANUAL 
TD-30.) ees 

As a two-terminal switch, the tun- 
nel diode is particularly suited to 
computer applications because of its 
high speed, small size, and low power 
consumption. Switching operation is 
obtained by the use of a load line 
which intersects the diode charac- 
teristic in three points, as shown in 
Fig. 201; however, only points C and 
E are stable operating points. If the 
circuit is operated at point C and a 
positive current step of sufficient am- 
plitude is applied, the operating point 
- switches to point E. Correspondingly, 
a negative input signal switches the 
operating point back to point C. 


An advantage of the switching 
mode is its nonsensitivity to the exact 
linearity of the negative-resistance 
region of the tunnel-diode character- 
istics. Slight irregularities in the neg- 
ative characteristic have negligible 

effect on the switching action. 

In the basic monostable circuit or 
“gate” shown in Fig. 202a, the static 
load line is determined by the resist- 
ance R, and the voltage V.. If R. is 
less than the minimum dynamic neg- 
ative resistance of the diode, only a 
single operating point exists. The 
gate is stable in its low state if V. 
is adjusted so that the operating 
point is at E. The dynamic load line 
is determined by the inductive time 
constant L/R.. When the inductive 
time constant is long compared to 
the switching time ts, the current in 
the circuit is effectively constant. 


If a small step of current Ii, is ap- 
plied to the diode, the operating point 
switches to the high-voltage point 
F along the constant-current path 
shown by the dashed line in Fig. 
202b. Removal of the input. causes 
the operating point to move to F’. 
At this point, the energy stored in 
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Figure 202. 


Basic tunnel-diode logic 


circuit. 


the inductor L must be dissipated 
before the circuit can return to its 
original operating point. As the en- 
ergy in the inductor decreases, the 
operating point moves along the di- 
ode characteristic to the point of 
minimum current at G. When this 
point is reached, switching again 
occurs along a constant-current path 
to point H. The cycle of operation is 
completed by a recovery region in 
which the energy in the inductor 
builds up to its original level; during 
this period the operating point moves 
up the diode characteristic to the 
starting point. 


Fig. 208a shows a simple tunnel- 
diode logic circuit. If the static op- 
erating bias is adjusted so that only 
one input is required to trigger the 
diode, an OR function is performed. 
If all inputs are required to trigger 
the diode, an AND function is per- 
formed. Because the coupling imped- 
ance is high compared to the diode 
impedance, the inputs can be con- 
sidered as current sources during 
the triggering period. Fig. 203b 
shows the biasing for a three-input 
AND gate. If the operating-point 
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bias is increased slightly, the circuit 
can be made to trigger on two of its 
inputs; the logical function per- 
formed would then be that of a 
“majority gate”. 


vy —_> 
(b) 
Figure 203. Tunnel-diode “AND” gate. 


Radiation and Thermal 
Considerations 


One of the most important features 
of the tunnel diode is its resistance 
to nuclear radiation. Experimental 
results have shown tunnel diodes to 
be at least ten times more resistant 
to radiation than transistors. Because 
the resistivity of tunnel diodes is so 
low initially, it is not critically af- 
fected by radiation until large doses 
have been applied. In addition, tun- 
nel diodes are less affected by ioniz- 
ing radiation because they are rela- 
tively insensitive to surface changes 
produced by such radiation. 

In general, the tunnel-diode volt- 
age-current characteristic is rela- 
tively independent of temperature. 
Specific tunnel-diode applications 
may be affected, however, by the rel- 
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ative temperature dependence of the 
various circuit components. In such 
applications, negative feedback or 
direct (circuit) compensation may be 
required. 


HIGH-CURRENT 
TUNNEL DIODES 


High-current tunnel diodes are 
basically the same as conventional 
tunnel diodes, except that they have 
a larger junction area to permit the 
flow of higher currents and have a 
much smaller value of series resist- 
ance (generally in the order of 0.010 
ohm or less). 

High-current tunnel diodes are 
used as low-voltage inverters in cir- 
cuits having low-impedance de power 
sources. They can also be used for 
efficient inversion of the output of 
solar cells, thermoelectric generators, 
or thermionic converters, and as 
overload detectors in de and ac 
power supplies, pulse generators, 
high-speed switches, and oscillators. 

Fig. 204 shows a simple overload- 
sensor circuit using a high-current 
tunnel diode. This circuit is a fast- 
acting sensitive overcurrent detector 
which can be used to protect sensi- 
tive loads from current surges or 
overloads. Other circuit arrange- 
ments can be used to protect the 
power supply rather than the load. 


HIGH-CURRENT 
TUNNEL DIODE 


POWER 
TRANSISTOR 


LOAD TO BE 
PROTECTED 


Figure 204. Overload sensor circuit using 
tunnel diode. 


TUNNEL RECTIFIERS 


In addition to its negative-resist- 
ance properties, the tunnel diode has 
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an efficient rectification character- 
istic which can be used in many 
rectifier applications. When a tunnel 
diode is used in a circuit in such a 
way that this rectification property 
is emphasized rather than its nega- 
tive-resistance characteristic, it is 
called a tunnel rectifier. In general, 
the peak current for a tunnel rec- 
tifier is less than one milliampere. 

The major differences in the cur- 
rent-voltage characteristics of tunnel 
rectifiers and conventional rectifiers 
are shown in Fig. 205. In conven- 
tional rectifiers, current flow is sub- 
stantial in the forward direction, but 


Ir 


—— CONVENTIONAL 
RECTIFIER 
TUNNEL 
RECTIFIER 


Figure 205. Current-voltage characteristics 
of tunnel rectifier and conventional rectifier. 
extremely small in the reverse direc- 
tion (for signal voltages less than 
the breakdown voltage for the de- 
vice). In tunnel rectifiers, however, 
substantial reverse current fiows at 
very low voltages, while forward 
current is relatively small. Conse- 
quently, tunnel rectifiers can provide 
rectification at smaller signal volt- 
ages than conventional rectifiers, 
although their polarity requirements 
are opposite. (For this reason, tun- 
nel rectifiers are sometimes called 
“back diodes.’’) 

Because of their high-speed capa- 
bility and superior rectification char- 
- acteristics, tunnel rectifiers can be 
used to provide coupling in one di- 
rection and isolation in the opposite 
direction. Fig. 206 shows the use of 
tunnel rectifiers to provide direc- 
tional. coupling in a_ tunnel-diode 
logic circuit. 
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TUNNEL RECTIFIERS 


Figure 206. Logic circuit using a tunnel 
diode and three tunne! rectifiers. 


VARACTOR DIODES 


A varactor or variable-reactance 
diode is a microwave-frequency p-n 
junction semiconductor device in 
which the depletion-layer capacitance 
bears a nonlinear relation to the junc- 
tion voltage, as shown in Fig. 207a. 


‘When biased in the reverse direction, 


a varactor diode can be represented 
by a voltage-sensitive capacitance 
C(v) in series with a resistance Rs, 
as shown in Fig. 207b. This nonlinear 
capacitance and low series resistance, 
which permit the device to perform 
frequency-multiplication, oscillation, 
and switching functions, result from 
a very high impurity concentration 
outside the depletion-layer region 
and a relatively low concentration at 
the junction. Very low noise levels 
are possible in circuits using varactor 
diodes because the dominant current 
across the junction is reactive and 


Rs | 
C(v) 


CAPACITANCE 


VOLTAGE 


(a) (b) 


Figure 207. (a) Capacitance-voltage rela- 
tionship and (b) equivalent circuits for a 
varactor diode. 
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shot-noise components are absent. 
Reactive nonlinearity, without an 
appreciable series resistance com- 
ponent, enables varactor diodes to 
generate harmonics with very high ef- 
ficiency in circuits such as the shunt- 
type frequency multiplier shown in 
Fig. 208. The circuit is driven by a 
Sinusoidal voltage source V; having 


Figure 208. Varactor-diode frequency 
multiplier. 


a fundamental frequency f and an 
internal impedance Z;. Because the 
ideal input filter is an open circuit 
for all frequencies except the funda- 
mental frequency, only the funda- 
mental component of current ir can 
flow in the input loop. A _ second- 
harmonic current ize is generated by 
the varactor diode and flows toward 
the load Z,; another ideal filter is 
used in the output loop to block the 
fundamental-frequency component of 
the input current. 

Varactor diodes can amplify sig- 
nals when their voltage-dependent 
capacitance is modulated by an alter- 
nating voltage at a different fre- 
quency. This alternating voltage 
supply, which is often referred to as 
the “pump”, adds energy to the sig- 
nal by changing the diode capaci- 
tance in a specific phase relation with 
the stored signal charge so that po- 
tential energy is added to this charge. 
An “idler” circuit is generally used 
to provide the proper phase relation- 
ship between the signal and the 
“pump”. 
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VOLTAGE-REFERENCE DIODES 


Voltage-reference or zener diodes 
are silicon rectifiers in which the re- 
verse current remains small until 
the breakdown voltage is reached 
and ther’ increases rapidly with little 
further increase in voltage. The 
breakdown voltage is a function of 
the diode material and construction, 
and can be varied from one volt to 
several hundred volts for various 
current and power ratings, depending 
on the junction area and the method 
of cooling. A stabilized supply can 
deliver a constant output (voltage or 
current) unaffected by temperature, 
output load, or input voltage, within 
given limits. The stability provided 
by voltage-reference diodes makes 
them useful as stabilizing devices and 
as reference sources capable of sup- 
plying extremely constant current 
loads. 


COMPENSATING DIODES 


Excellent stabilization of collector 
current for variations in both supply 
voltage and temperature can be ob- 
tained by. the use of a compensating 
diode operating in the forward di- 
rection in the bias network of ampli- 
fier or oscillator circuits. Fig. 209 
shows the transfer characteristics of 
a transistor; Fig. 210 shows the for- 
ward characteristics of a compensat- 
ing diode. In a typical circuit, the 
diode is biased in the forward direc- 
tion; the operating point is repre- 
sented on the diode characteristics 
by the dashed horizontal line. The 
diode current at this point deter- 
mines a bias voltage which estab- 
lishes the transistor idling current. 
This bias voltage shifts with varying 
temperature in the same direction 
and magnitude as the transistor char- 
acteristic, and thus provides an idling 
current that is essentially independ- 
ent of temperature. 

The use of a compensating diode 
also reduces the variation in tran- 
sistor idling current as a result of 
supply-voltage variations. Because 
the diode current changes in propor- 
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tion with the supply voltage, the bias 
voltage to the transistor changes in 
the same proportion and idling-cur- 
rent changes are minimized. (The 


COLLECTOR MILLIAMPERES. 
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BASE-TO-EMITTER MILLIVOLTS 


Figure 209. Transfer characteristics of 
transistor. 


use of diode compensation is dis- 
cussed in more detail under “Biasing”’ 
in the Transistor Applications Sec- 
tion.) 


FORWARD DIODE MILLIAMPERES 


0 50 100 #150 200° 250 
FORWARD DIODE MILLIVOLTS 


Figure 210. Forward’ characteristics of 
compensating diode. 
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Rectifier and Diode Symbols 


bbreviated data for RCA silicon 

rectifiers, silicon controlled rec- 
tifiers, and semiconductor diodes are 
given in the following section. The 
symbols used in the data are listed 
and defined below. 


SILICON RECTIFIERS, PLUG-IN 
RECTIFIERS, STACKS, 
AND BRIDGES 


Cs 


Trav 

iru (rep) 
iru (Surge) 
Inu 

Vru 

Vu (block) 


VRM 


Vem (non-rep) 


Vea (rep) 


Vems 


shunt capacitance 
average forward cur- 
rent 

peak recurrent for- 
ward current 

peak surge forward 
current 
maximum 
current 
maximum dc _  for- 
ward voltage drop 
maximum dc block- 
ing voltage 

peak reverse volt- 
age 

non-repetitive (tran- 
sient) peak reverse 
voltage 

repetitive peak re- 
verse voltage 

rms supply voltage 


reverse 


SILICON CONTROLLED 
RECTIFIERS (SCR’s) 


di/dt 
dv/dt 


ir 


rate of change of 
forward current 
critical rate of ap- 
plied forward volt- 
age 
instantaneous  for- 
ward current 


Ivay 


lrBo 


Irsoay 
irsom 
iru (Surge) 


1FRMS 
1GKM 


Treoav 
JRBOM 


Pam 
Peay 


Vay 
VFBOM 
Vrsom (rep) 
VGKM 


Ver 


average forward cur- 
rent 

instantaneous  for- 
ward leakage cur- 
rent 

average forward 
blocking current 
peak forward block- 
ing current 

peak surge current 
rms forward current 
peak forward gate 
current 

gate trigger  cur- 
rent 

holding current 
instantaneous re- 
verse leakage cur- 
rent 

average reverse 
blocking current 
peak reverse block- 
ing current 

peak forward and 
reverse gate power 
average forward 
gate power 
turn-on time 
turn-off time 
forward breakover 
voltage 
instantaneous  for- 
ward voltage drop 
gate trigger  volt- 
age 

peak forward block- 
ing voltage 

peak forward block- 
ing voltage 

peak forward gate 
voltage 

de gate-trigger volt- 
age (when anode is 
at 6 volts with re- 
spect to cathode) 
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VKoM peak reverse gate 
voltage 
VrBoM peak reverse block- 


ing voltage 
transient peak re- 
verse voltage (non- 
repetitive) 

peak reverse volt- 
age (repetitive) 


TUNNEL DIODES AND 
TUNNEL RECTIFIERS 


Vru (non-rep) 


Vea (rep) 


C; junction capacitance 

Cp case capacitance 

Cry valley-point termi- 
nal capacitance 

£ characteristic  fre- 
quency (figure of 
merit) 

Toe maximum frequency 
of oscillation 

fe resistive cutoff fre- 
quency 

gj junction resistance 

I; inflection-point cur- 
rent 

Ip peak-point current 

Ip/Cev speed index © 

ly valley-point current 

L series inductance 

Lex excess series. in- 
ductance 

Y; junction resistance 
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i series resistance 
tsw characteristic 
switching time 
Vi inflection-point volt- 
age 
Vr peak-point voltage 
Ver projected-peak-point 
voltage 
Vy valley-point voltage 
Yt : terminal admittance 


Static (DC) Parameters 


Inflection point—the point on the 
forward current-voltage charac- 
teristic at which the slope of the 
characteristic reaches its most 
negative value 

Peak point—the point on the for- 
ward current-voltage characteris- 
tic corresponding to the lowest 
positive (forward) voltage at 
which dI/dV = 0 

Projected peak point—the point on 
the forward current characteristic 
where the current is equal to the 
peak-point current and where the 
voltage is greater than the valley- 
point voltage 

Valley point—the point on the for- 
ward current-voltage characteris- 
tic corresponding to the second 
lowest positive (forward) voltage 
at which dI/dV = 0 


RCA Military—Specification 


JAN-1N538 MIL-S-19500/202A 
JAN-1N540 MIL-S-19500/202A 
JAN-1N547  MIL-S-19500/202A 


Rectifiers 


USAF-1N1190 MIL-E-1/1135 (USAF) 
JAN-1N1190R MIL-S-19500/297 
USAF-1N1199 MIL-E-1/1108(USAF) 


USAF-1N1183 MIL-E-1/1135(USAF) USAF-1N1200 MIL-E-1/1108(USAF) 


JAN-1N1184 MIL-S-19500/297 


USAF-1N1201 MIL-E-1/1108(USAF) 


USAF-1N1184 MIL-E-1/1135(USAF) USAF-1N1202 MIL-E-1/1108(USAF) 


JAN-1N1184R MIL-S-19500/297 


USAF-1N1203 MIL-E-1/1108( USAF) 


USAF-1N1185 MIL-E-1/1135(USAF) JAN-1N1204 MIL-S-19500/260 


JAN-1N1186 MIL-S-19500/297 


USAF-1N1204 MIL-E-1/1108 (USAF) 


USAF-1N1186 MIL-E-1/1135(USAF) JAN-1N1204R MIL-S-19500/260 


JAN-1N1186R MIL-S-19500/297 


USAF-1N1205 MIL-E-1/1108(USAF) 


USAF-1N1187 MIL-E-1/1135(USAF) USAF-1N1206 MIL-E-1/1108(USAF) 


JAN-1N1188 MIL-S-19500/297 
USAF-1N1188 MIL-E-1/1135 (USAF) 
JAN-1N1188R MIL-S-19500/297 
USAF-1N1189 MIL-E-1/1135(USAF) 
JAN-1N1190 MIL-S-19500/297 


Copies of rectifier specification sheets may 
be obtained by directing requests to Specifi- 
cations Division, Naval Supply Depot, 5801 
Tabor Avenue, Philadelphia 20, Pa., Attn: 
CDS 
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Technical Data for 
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SILICON DIFFUSED-JUNCTION RECTIFIERS 


MAXIMUM RATINGS CHARAC- 


TERISTICS 
Irav irm Vem ands. IRM 
RCA OUTLINE at Tc (rep) (surge) Vrms Vm (block) Vera (dynamic) 
TYPE JEDEC NO. A °C A A V V v mA 
1N248C® DO-5 38 =. 20 150 90 350 39 554 U.6s8h 3a 
1N249C® DO-5 38 20 150 90 350 Tepe OS 0.6 - (3.6 
1N250C® DO-5 38... 20 150 90 350 154. -=..2204 0-6... 34 
1N440B DO-1 ae eterna da Ok 3.0 15 10. = A 15. ete 
1N441B DO-1 Jotas 0,00 os ae 15 140 200 js Wee! Aisin 
1N442B DO-1 33.) .0:%5 50. 2) 35 15 210 300 Looe) 7% 
1N443B DO-1 337100575 a0, 4 3.5 15 280 400 1o7el 4m 
1N444B DO-1 33. (0.65 o0. £35 15 350 §=—500 15 -ee Loe 
1N445B DO-1 33. ~—s-0..65 ae ae 15 420 600 L5sag 2% 
1N536 D016 2330 40.15 = 0k 15 35 40 ll 5° 
1N537 DO-1 330 3075 90 - — 15 70 ~=—«:100 Lee 
1N538 DO-1 33% 2075 0 15 140-7200) ES Sepa ae 
1N539 DO-1 33-075 o0 Si 15 210 300 ie Eee 
1N540 DER 33 9 0575, ako k= 15 280 400 ll 5° 
1N547 DOTY PASI 0:75 ey 50) ae 15 420 600 12 '),5¢ 
1N1095 DO-1 me Oe Ue 00° §— 15 350 500 [Zeer OS 
1N1183A" DO-5 - 38 40 150 195 800 35 50 0.65 2.5 
1N1184A" DO-5 38 =640 150 195 800 70 ~—-:100 0:65 42.5 
1N1186A" DO-5 38 = 40 150 195 800 140 200 06525 
1N1187A" DO0-5 38 = 40 150 195 800 212. 29.300 0.65 2.5 
1N1188A" DO-5 38 640 150 195 800 284 400 0.09" eae 
1N1189A" DO-5 38 40 150 195 800 No Rabat Cie? ey 
1N1190A" DO-5 38 = 40 150 195 800 424 600 0.65°> 18 
1N1195A" DO-5 38 §=20 150 90 350 212-7 06: Af32 
1N1196A" DO-5. 38 =620 150 90 350 284 400 0.67.25 
1N1197A" DO-5 38 §©20 150 90 350 300 ie 0.6. 22 
1N1198A" . 00-5 38 20 150 90 350 424 600 A Av ge ie oe: 
1N1199A® DO-4 Oh Te 150 50 240 35 50 G55“: 54 
1N1200A" DO-4 ‘peel 4 150 50 240 70 ~=—«:100 0.552> "28 
1N1202A" DO-4 o/h 212 150-450 240 140 = 200 0.55442 


™ Reverse-polarity version available. 
4Vu (block) is 10% less. 
© Static value in wA. 
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SILICON DIFFUSED-JUNCTION RECTIFIERS (cont'd) 


MAXIMUM RATINGS CHARAC- 
TERISTICS 
Irav iru Vem and Inu 
RCA OUTLINE at Tc (rep) (surge) Vraus Vm (block) Vr (dynamic) 
TYPE JEDEC NO. A °C A A V v V mA 


1N1203A" DO-4 She i 150 50 240 2122; "300 O55) EFS 
1N1204A" DO-4 wf agent Wi 150 50 240 284 400 Be pala es) 
1N1205A® DO-4 Ei apa ¥ 150 50 240 B55e 0. 560) 0.55.0 25 
1N1206A® DO-4 st paride Ve 150: 50 240 424 600 05537 
1N1341B# DO-4 ayur 6 150** 25 160 Rie 50 0.65 0.45 
1N1342B" DO-4 ze pa Sa 150** 75 160 1 =. 100 0.65 0.45 
1N1344B" DO-4 4 je Pee 2) 160 140 #200 0.65 0.45 
1N1345B" DO-4 i aia 150225 160 212 ~=300 0.65 0.45 
1N1346B" DO-4 ape. 150 25 160 284 #=400 0.65 0.45 
1N1347B" D0-4 \ ea 150". 25 160 355 - ~ 500 0.65 0.45 
1N1348B" DO-4 6) see 0 15072 25 160 424 600 0.65 0.45 
1N1612" DO-4 se ees 135*4+.15 av 35 50 pes erie 
1N1613" DO-4 ae 135° 15 —- AN 100 Es] 
1N1614" DO-4 BE arte] 135s. 15 a 140 +3200 ick AT | 
1N1615" DO-4 oY ena jects = 280 ©. 400 Leo 
1N1616" DO-4 B/azesd 95015 ae 420 600 tae. 1 
1N1763A DO-1 age | / ee 35 280 ©: 400 1 AO UE 
1N1764A DO-1 ss el 75 35 350 500 b2re 04 
1N2858A DO-1 33) teu Tae 30 35 50 Loe eel 
1N2859A DO-1 3 (a a PF ty 35 70 ~=—«:100 br be 
1N2860A DO-1 Joe. tha aaa) 35 140 200 LZ en On 
1N2861A DO-1 SS ae Pe. 35 210 300 L:2?~ G4 
1N2862A DO-1 Soon oe Pie an. 35 280 400 b2ee, ou 
1N2863A DO-1 Sod 16 aii 35 350 500 1.2 > ui 
1N2864A DO-1 ae Pe Bn OO 420 ~600 i?) Od 
1N3193 Mears) 34 OS” 135-6" ee 140 #200 F202 
1N3194 TOE 34> 05" 154. 7 68 3, 280 400 1? <2 Ge 
1N3195 B0-12-21- 34° OSE Fo 26" 30 420 ~—600 12. G2 
1N3196 DOE edhe OA" Were De a 560 800 is | BY 
1N3253. T0-1° 35 — Insulated version of 1N3193 

1N3254 T0-1° 35 Insulated version of 1N3194 

1N3255 T0-1° 35 — Insulated version of 1N3195 

1N3256 T0-1° 35 Insulated version of 1N3196 

1N3563 be eee |" Bete (Liege 35* 700 ~=1000 122 02 
1N3754 aes ee rape Usp bares how Ou 10 l 0.3 
1N3755 ROE uso. 1 EZ ba 1S 9288 70 ~=—- 200 l 0.3 
1N3756 Tet so Ube cor Borg! SL hg 140 400 l 0.3 
40108" DO42 rah |: 10 150 40 140 ae 50 065.42 
40109" DO-4 37 = 10 150 40 140 nee | 0.62202 
40110" DO-4 ay. 1G 150 40 140 pe AG 06455 
40111" DO-4 <f eeas (| 150 40 140 Sah. Gone 06. .15 
40112" D0-4 ane 10 150 40 140 i #AUD 0:6:xeeal 
40113" DO-4 37-10 150 40 140 EES | | 0.6 0.85 
40114" DO-4 ay 1G 150 40 140 P=) 600 0.6 ° O75 
40115" D0-4 Bp 10 150 40 140 ue 1800 0.6 0.65 


™ Reverse-polarity version available. 

t Similar to TO-1 package with axial leads. 

° Similar to TO-1 package with axial leads and insulated~plastic sleeve over metal case. 
** Similar to T0-1 package with lead 3 omitted. * With capacitive load. 
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SILICON DIFFUSED-JUNCTION RECTIFIERS (cont'd) 


MAXIMUM RATINGS CHARAC- 
TERISTICS 
Ipav iru Vem and Inm_ 
RCA OUTLINE at Tc (rep) (surge) Vrms Vm ed pet Vr (pene 
TYPE JEDEC NO. A °C A A V V 
40116" DO-4 etek 150 40 140 — 1000 06. 0.5 
40208" DO-5 38% “18 T5072 250 — 50 0,.692.:3 
40209" DO-5 38 = 18 150 ga. /2 250 — 100 0.65 3 
40210" DO-5 38 618 150ae /Z 250 — 200 0.65 2.5 
40211" DO-5 38 «618 150. 72 250 — 300 0.650 s2e9 
40212" DO-5 38 618 1o0 ee 72 250 — 400 0.65 2 
40213" D0-5 367-18 1502.72 250 — 4500 0.65ac8 be 
40214" DO-5 38 =18 150 te:72 250 — 600 0.65xa815 
40259 DO-4 sme 12 150 50 250 424 600 0.55 0.6 
40265 TO-1** 36 0.125 65 1.8 30 140 400 1 0.4 
40266 DOQ-1 IS) 2" 105 10 35 gore © 1060 3 10f 
40267 DO-1 Soi ee 105 10 35 70 ~=.200 eee ale 
™ Reverse-polarity version available. * With capacitive load. 
** Similar to TO-1 package with lead 3 omitted. + Value in wA. 
SILICON DIFFUSED-JUNCTION STACK RECTIFIERS 
MAXIMUM RATINGS raat fe 
Vem (rep) Vrout Cs 
RCA OUTLINE Irav iro Vrs and (non- Vrmal (enaate (max) 
TYPE NO. at 100°C (rep) (surge) Vu (block) rep) 
Fas A AA v V V V A pF 
CR101 39a 0.385 J. ec0 3.390 1265 1520 Lez, 0.3 600 
CR102 39b O3555Go” S20 -<21790 287530 3035 2.4 0.3 320 
CR103 39¢ 0.315 Di a2 02240 3165 3800 3 0.35 250 
CR104 39d 0:270 0 20 3130 4430 5315 42 0.3 175 
CR105 39e 0:270. 57 20,— 3580 9065 6080 48 0.3 160 
CR106 39f igaas i ars AL eee EYL) 6330 7600 6 0.3 125 
CR107 39¢ 0.230 Oo AUP eae yA 7595 9115 7.2 0.3 105 
CR108 39h 0.230 o. 220 25820 48230 9875 7.8 0.3 100 
CR109 39i 0230 oe 20 6/1 9495. 11395 9 0.3 90 
CR110 39} 0.230 aaesien a 2002071 60)5.10130 012155 9.6 0.3 80 
CR201 40a 0.155 3 10 ee 1o40 1900 2280 1.8 0.1. — 
CR203 40b D155 tem 2 Ole 2240, eco roo 3800 3 01 — 
CR204 A0c 0.155 3 10 3395 4800 5/60 3.6 0.1 cere. 
CR206 A0d 0.155 3 10 4475 6330 7600 6 0.1>° — 
CR208 40e 0.155 3 10 5655 8000 9600 6 0.1 — 
CR210 AOf 0.155 3 10 7070 10000 12000 iF 01° — 
CR212 40g 0.155 3 10 8485 12000 14400 9 a 
CR301 Ala 2.5 — 250 16 2400 2880 — 15 Bean 
CR302 Alb 25 — 250 2545 3600 4320 — los aes 
CR303 Alc 2.5 — 250 3395 4800 5760 — 1.5 gs: 
CR304 Ald 2.5 — 250 4240 6000 7200 — 1.5 £3 
CR305 Ale fa — 250 5090 7200 — 1:5 Seen 
CR306 Alf 25 — 250 5935 8400 10080 —- 1.5 % 
CR307 Alg 2.5 — 250 6785 9600 11520 1.5 ve 
CR311 Alh 4.5 — 250 1695 2400 2880 — 5 5 


{For duration of 5 ms max; To = 60 to 125°C. 
™ At maximum rated operating conditions. ** Cs typically 0.01 wF per cell. 
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SILICON DIFFUSED-JUNCTION STACK RECTIFIERS (cont'd) 


MAXIMUM RATINGS CHARACTERISTICS 
© 


vem (rep) vrmut Cc 
RCA OUTLINE non: Vea (dynamic) (max) 


Irav irm Vrs and n 
TYP at 100°C (rep) (surge) Vu (block) rep) 

A A A v V v V A pF 
CR312 Ali 45 — 250 2545 3600 4320 — 1 ba 
CR313 Alj 45 — 250 3395 4800 5760 — 1G. 08804 
CR314 Alk 4.5 — 250 4240 6000 7200 — ] brie 
CR315 4l| 4.5 — 250 5090 7200 8640 — |e a 
CR316 41m AS Qoreel” 60 FOIGek SACO. C000 “Ak Lr See 
CR317 4ln 45 — 250 6785 9600 11520 — 15s 
CR321 Alo 6 — 400 1695 2400 2880 — 1 Seas ie 
CR322 4lp 6 — 400 2545 3600 4320 — 1 5 -See 
CR323 41q 6 BA! © ABO. 3395s: °. 4800 — DORTGO* eS bs - 1 bP ees 
CR324 Alr 6 BS ~ spot 42003 6000. OS7200% 82 1S 
CR325 Als 6 — 400 5090 7200 8640 — 1 5eages 
CR331 Alt 8.5 — 400 1695 2400 2880 — Lait 
CR332 Alu 8.5 — 400 2545 3600 4320 — LS otes 
CR333 Aly 8.5 — 400 3395 4800 5760 — LSM tive 
CR334 4lw 8.5 — 400 4240 6000 7200 — Rite obs 
CR335 41x 8.5 — 400 5090 7200 8640 — Lee ire 
CR341 Aly 11.5 — 850 1695 2400 2880 — 15ers 
CR342 41z 11.5 — 850. 2545. 3600 4320 — LS tiie 
CR343 4laa 11.5 — 850 3395 4800 5760 — LGMe SS 
CR344 4\bb 11.5 — 850 4240 6000 7200 — bs Rage 
CR351 Alcc 17.5 — 850° 1695 2400 2880 — Lone 
CR352 4ldd 17.5 ——: 850° 2545:: 3600 4320 — L Seen 
CR353 Alee 17.5 — 850 3395 4800 5760 — 1 svar biteed 
CR354 Alff 17.5 — 850 4240 6000 7200 — LGaiorn 


t For duration of 5 ms max; Tc = 60 to 125°C. 
™ At maximum rated operating conditions. ** Cs typically 0.01 uF per cell. 


SILICON BRIDGE RECTIFIERS SILICON PLUG-IN RECTIFIERS 


| AVERAGE DC 
RCA OUTLINE OUTPUT RMS SUPPLY 
NO. A v v 


TYPE ee mele iaee lease 
“junction types are direct re- 

CRA01F = 41a 18 200 222 placements for the mercury- 

CR402¢ Ala 18 400 444 vapor and gas rectifier tubes 

CR4037 = 41c 18 800 888 indicated. Data for the tube- 

CR4047 = Alo 34 200 222 type rectifiers are given in the 

CR405t = 410 34 400 444 RCA Transmitting Tube Manual 

CRIO6t = 41v 34 800 883 Mp. 

CR4I07¢ = 4 ly 70 ~~—.200 222 

CR408} = 41y 70 ~= 400 444 

CR409¢ = 41aa 70 ~=— 800 888 a a periales 

| OUTLINE 

CR5O1t lb 24 300 022 TYPE "NO. TYPE(S) 

CR502¢ 41b 24 ~=600 444 

(oe Sl a CR2T4/ 72K 45 g72. 82h 

CR504¢ 41p 46 ~—600 444 , 

See et Get) eye CRATS/BUGA/SB2B 46.866, BOGA, OB2E 

CR506¢ 412 92 600 44] 


t Single-phase, full-wave types. 
t Three-phase, full-wave types. 
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SILICON CONTROLLED RECTIFIERS 


MAXIMUM RATINGS 
VRM 


RCA non- VrBOM  irM 
TYPE IrRMS rep = (rep) = (rep) (surge) Irav Pom Poav Tst¢ To 
A V V Vv A A W Ww ’ °C 
2N681 29 39 dineo, * 2oe¢ o) 50ie 16 9 0.5 150 125 
2N682 29 7S a0) SGee Tole 06 ¥) 0.5 150 125 
2N683 29 150 100 100: 150< 16 +) 0.9 150 125 
2N684 25 £09 shoo! > LOO ar a0 16 +) 0.9 150 125 
2N685 29 300 200 200 «6150 ) «616 ) 0.5 150 125 
2N686 29 300 jdot), 200 a Lab 16 “) 0.5 150 125 
2N687 re 400 300 300 150 16 5 0.5 150 125 
2N688 25 900 400 400 150 16 s) 0.5 150 125 
2N689 25 600 S00 S00) 6150 ~=§616 ) 0.5 150 125 
2N690 25 720 600 600 150 16 ) 0.5 150 125 
2N1770 7A 35 25 600 60 84/7 3 0.5 150 125 
2N1771 74 73 50 600 60 4] 9 0.5 150 125 
2N1772 74. 150 100 600 60 A] i) 0.5 130 125 
2N1773 TAS (F229 & 1150) - 600 60 4] 9 0.5 150 125 
2N1774 74 300 200 600 604.7 ) 0.5 150 125 
2N1775 74 350 250 600 60 4] ¥) 0.5 150 125 
2N1776 74 400 »=300 = 600 60 4] ¥) 0.5 130 125 
2N1777 74 9300 400 600 60 4] ) 0.5 150 125 
2N1778 74 600 9300 600 60 384.7 9 0.9 150 125 
2N1842A 16 so ypacoree Cisse 20 0 9 0.5 125 125 
2N1843A 16 IS& GoOwe -S0gay 125a". 10 .) 0.5 125 125 
2N1844A 16 40012 00. 100neR 125 ae 10 ) 0.5 125 125 
2N1845A 16 225 wboons 150 125eR 10 9 0.5 125 125 
2N1846A 16 300. 200 200 12 # 10 . 0.5 125 125 
2N1847A 16 390°/' 250. > 25052 “125537 10 ¥) 0.5 125 125 
2N1848A 16 400 300 300 125 10 9 0.9 125 125 
- 2N1849A 16 900 400 400 125 10 9 0.5 125 125 
2N1850A 16 600° 500 > 500s 125:°5 10 9 0.5 125 125 
2N3228 ) 330 200 600 60 3.2 Jeo 125 100 
2N3525 ) 660 400 600 60 32 9 — 125 100 
2N3528 2 330 200 600 60 13 ,  — 125 100 
2N3529 2 660 400 600 60 13 rs) — 125 100 
2N3668 [2.5.4 150 ».100;~ 600. 200 8 ) 0.5 125 100 
2N3663 12.5 «330, -.200. 600;. 200 8 ) 0.5 125 100 
2N3670 12.5 (660 400 600 200 8 ) 0.5 125 100 
2N3870 39 L509 100," 600°". 350°" 422 4g" 0.5 125 100 
2N3871 oo 330 200, 700,. 350... 22 40" 0.5 125 100 
2N3872 35 BOUt U0 700RT  3o0Ee Bi? 40" 0.5 125 100 
2N3873 35 100-600." 7002 35022 $92 40" 0.5 125 100 
2N3896 35 [503 100; 70000 , 350) 22 40™ 0.5 125 100 
2N3897 35 330° 200. 700. 350 22 40" 0.5 125 100 
2N3898 Wess 600 400 700 350 22 Ag" 0.5 125 100 
2N3899 35 700 600 700 350 22 40" 0.5 125 100 
40216 900* 220 600 —- ~~ — d 0.5 150 125 
40378 / 330 200 600 80 ADM 135 0.2 150 100 
40379 ] 660 400 600 80 45. 13" 0.2 150 100 
* Pulsed. 


"For pulse time t, = 10 us. 
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SILICON CONTROLLED RECTIFIERS 


CHARACTERISTICS 
YBOO IFBOAV IRBOAY VF ler Ver ino0o 
V mA mA V mA Vv mA 
25 6.5 6.5 Es Oe ac aL 
50 6.5 6.5 DBA 528th) Conn BSE 
100 6.5 6.5 Oboe AT o5ere 9. Mipbt 
150 6.5 6.5 0.864. 25b 3) 15t 
200 6.0 6.0 0864 2t 3.  15t 
250 B45 40) 0.864 25t 3 15t¢ 
300 5.0 5.0 0.864 Dat 3. 3 
400 4.0 4.0 0.864 25t Sorte 
500 3.0 3.0 0.864 25 3: SE 
600 Z0 2.5 0.864 25t 3.7 15E 
25 45 45 1.854 15 2. aie 
50 45 45 1.854 15 2 GE 
100 4.5 45 1.854 15 2  10¢ 
150 4.0 4.0 1.854 15 2- OOT 
200 3.0 3.0 1.854 15 2 10¢ 
250 2.5 20 1.854 15 Pause 
300 2.0 2.0 1.854 15 Y Davai |) 8 
400 1.0 1.0 1.854 15 255° 108 
500 1.0 1.0 1.854 15 2> pekOt 
25 22.5 Lu 1.24 Abt 3.1 Cr er 
50 19.0 19.0 1.24 45t SI Sa OE 
100 125 173 1.24 Adit APE hi 
150 6.5 6.5 1.24 A5t Se) a8t 
200 6.0 6.0 1.24 Abt 3.7 8t 
250 da 5 1.24 A5t 3.1 SBE 
300 5.0 5.0 1.24 45t oA bine 02! 
400 4.0 40 1.24 Abt Sh SE 
500 3.0 3.0 1.24 Adt 30°. 8t 
200 1.5¢ 0.75° 2.8 8 si 
400 3.0° 1.5¢ 2.8 8 LD ah? 
200 15° 0.75® 2.8 8 BP S12 
400 3.0° BHe 2.8 3 Sab? tal? 
100 2.0° 1.0° 1.8 25 £5: 20 
200 252 1.25°® 1.8 25 L5* 420 
400 3.0¢ 5e 1.8 25 1.5420 
100 2.0°® 3.0® 2.1 25 Pt "20 
200 2.5¢ 3.0® aa 25 jaya 
400 3.0° 3.0® 2.1 25 (A ita di | 
600 4.0¢ 3.0° al 25 1.1" 20 
100 2.0 3.0 pla 25 1.1" 20 
200 2.5 3.0 Zk 25 1.1" 20 
400 3.0 3.0 2.4 25 1.18.20 
600 4.0 3.0 2.1 25 t*20 
600 10.0 10.0 — 45 CW Ey) 
200 1.0 0.5 25 8 de? t 212 
400 2.0 1.0 25 8 h2e 12 
4DC value. — 20,6; 


t At 
"Critical dv/dt = 100 pe 


OUTLINE 


RCA 
TYPE 


2N681 
2N682 
2N683 
2N684 
2N685 


2N686 
2N687 
2N688 
2N689 
2N690 


2N1770 
2N1771 
2N1772 
2N1773 
2N1774 


2N1775 
2N1776 
2N1777 
2N1778 


2N1842A 


. 2N1843A 


2N1844A 
2N1845A 
2N1846A 


_ 2N1847A 


2N1848A 
2N184SA 
2N1850A 


2N3228 
2N3925 
2N3528 
2N3529 


2N3668 
2N3669 
2N3670 


2N3870 
2N3871 
2N3872 
2N3873 


2N3896 
2N3897 
2N3898 
2N3899 


40216 
40378 
40379 


© Maximum instantaneous value (irom OF irpom). 


t Critical dv/dt = 200 V/us. 
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TUNNEL DIODES 
Electrical Characteristics (At T, — 25°C) 


Min Max 
Peak Max  Peak-to- Min Max Series f 
Forward Valley Valley- Peak Valley Forward Capaci- Resis- Rise Time 
RCA Current Current Current Voltage Voltage Voltage tance* tance ps) 
Type (mA) (mA) Ratio (mV) (mY) (mV) (pF) (ohms) max. typ. 


1N3128 4.75-5.25 0.6 8:1 40-80 280 445-530 = 15 3. 9000 1000 
1N3129 19-21 932.4 = 8:1-—-50-100 300 474-575 20 25 2000 300 
1N3130 47.5525 6 8:1 70-120 300 920-620 25° «615 900 160 


1N3847) 4.555 0.75 6:1 — 430-590 25 3 - 900 
1N3848 PE De Sl a a ae 2 — 440-600 25 25 — 1800 
1N3849 = 18-22 6 Lee a — 460-620 30 Z — 600 
1N3850 = 45-55 7.50 6:1 — — 030-640 40 «15 -- 350 
1N3851 90-110 15) 8:1 — — 940-650 40 1 _ 125 
1N3852 4.75-5.25 0.6 8:1 50-90 330 490-560 15 3 — 1200 
1N38539.5-10.5 1.2 8:1 55-95 350 910-580 “> It ee2 5 — 600 
1N3854 19-21. 2.4 8:1-—«65-105 365 530-600 20 “4 -- 400 
1N3855 47.5525 6 8:1 80-130 380 690:620 ~ - 20a hee ko — 200 
1N3856 = 95-105 =12~—S 8:1 «90-140 390 960-630 25 1 oA 75 
1N3857 4.75-5.25 0.6 8:1 50-90 330 490-560 8 3 - 600 
1N3858 = 9.5-10.5 1.2 8:1 55-95 390 510-580 Sear 2.0 - 300 
1N3859 19-21 9-24 = 8:1--65-105 365 930-600 _ 150 
1N3860 47.5-52.5 6 8:1 80-130 380 550-620 o 200 


TUNNEL RECTIFIERS 
Electrical Characteristics (At T, — 25°C) 


Min Forward Max Reverse Max Reverse Max 
Peak Voltag oltage Voltage Capa- 
RCA : Out- Current at 1 mA at 10 mA at 30 mA citance 
Type Material line (mA) (mV) (mV) (mY) (pF) 
1N3861 Ge 42 0.1-1 400 170 _ 68 
1N3862 Ge 42 0.1-1 420 150 300 4" 
1N3863 Ge 42 0.1-0.5 435 150 300 he 
“Includes case capacitance of 0.8 pF. ™ Includes case capacitance of 0.4 pF. 


COMPENSATING DIODE—1N2326 


Ge alloy-junction type used in temperature- and voltage-compensation ap- 
plications. Similar to JEDEC TO-1 (2-lead), Outline No.36. Terminals: 1 - 
cathode, 2 - anode. 


MAXIMUM RATINGS 


REV GRSEL VOLTA SOW iiise ced ehea cece aes ME sisoice sce le osceeebesoand VrM —1 Vv 
PeakeRecurrent “Curr erit) Si2....<f7 ek. Ake Bios casas relates cet dks irm (rep) 200 mA 
DG FP OL WATd "CUETONE ce eee a en ee Iru 100 mA 
Temperature Range: 

Operating (Ta) and Storage (TSG) cecccccccccccsscsccecessseseece —65 to 85 °C 
Lead-Soldering Temperature (10 Ss MAX) vccccccsssseeeee TL °c 
CHARACTERISTICS 
DC Forward Voltage Drop: min typ maz 

TRAY = QRRTAS 252 HA ERAS Re ce Vrav 120 135 150 mV 


Trav i== 1100 MAGA 8... 2 ES SB Se Vray 240 260 280 mV 
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Maximum Ratings (At T, = 25°C) 


Ambient- 
Temperature (°C) 
Dissipation + 


DC Current 
mA p 
(mW) Operating 


Forward Reverse Storage (3 seconds maximum) Material 
40 70 20 —65 to 150 —65 to 175 175 Ge 
55 85 30 —65 to 150 —65 to 175 175 Ge 
70 100 40 —65 to 150 —65 to 175 175 Ge 
10 15 5 —35 to 100 175 Ge 
18 25 15 —35 to 100 175 Ge 
35 50 20 —35 to 100 175 Ge 
85 125 50 —35 to 100 175 Ge 

170 250 100 —35 to 100 175 Ge 
10 15 5 —35 to 100 175 Ge 
18 25 10 —35 to 100 175 Ge 
35 bo 20. 85'to 100 175 Ge 
85 175, 50 ~~ --35;to 100 175 Ge 

170 250 100 —35 to 100 175 Ge 
10 15 5 —35 to 100 175 Ge 
18 25 10 —35 to 100 175 Ge 
35 50 20 —35 to 100 175 Ge 
85 125 50 —35 to 100 175 Ge 

Maximum Ratings (At T, — 25°C) 
DC Current Ambient-Temperature (°C) Hp tn 
Dissipation + seconds 
Forward Reverse (mW) Cperating and Storage maximum) 
10 30 10 —35 to 100 175 
10 30 10 —35 to 100 175 
10 30 10 —35 to 100 he 


t Above 25°C, derate linearly to 0 mW at 100°C. 


Lead 
Temperature 
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TUNNEL DIODES 


(°C) 


Out- 


43 


RCA 
Type 
1N3128 
1N3129 
1N3130 
1N3847 
1N3848 


1N3849 
1N3850 
1N3851 
1N3852 
1N3853 


1N3854 
1N3855 
1N3856 
1N3857 
1N3858 


1N3859 
1N3860 


TUNNEL RECTIFIERS 


DAMPER DIODE—1N4785 


Ge diffused-junction type used in transistorized 114-degree, 18-kilovolt hori- 
zontal-deflection systems in television receivers with types 2N3730, 2N3731, 
and 2N3732. JEDEC TO-3, Outline No.2. Terminals: 1 - cathode, 2 - no con- 
nection, Mounting Flange - anode and case. 


MAXIMUM RATINGS 


Peak Reverse Voltage 
Continuous Reverse Voltage 
Peak Forward Current 
Average Forward Current 
Temperature Range: 
Operating (Ts) and Storage (Tsre) 
Pin-Soldering Temperature 


CHARACTERISTICS 
Peak Reverse Voltage (Ir = 1 one 


Reverse Current, Static (Vr = 10 V) 
Forward Voltage Drop, Static r= == '7f /\)) 


CORFE Ree Hee EE HOE EEE EE EEEEEEHSEERESHEEOEEES 


Pee eee eee ences erereserssesesceeee 


Poet eee eee eee ee eee Ee eee eee Ess EEE SSE SES eeee® 


POOP eRe eee Heese eee eeeeeeeseeeseseeseeese 


Pees resececoese 


COP e mere reeseeseroessseesseseresaresoes 


Coen eereeeeereserecccee 


Pecceveescevccecoece 


eoessccaces 


Paves Baa VRM 320 
Mineo Tale VrM 60 
Bees eae irom 10 
Sy eeseee Iru 

Wieecteseace —65 to 85 
Saas Te 230 
Bee ae re VRM 320 min 
pret cA Ir 150 max 
ener Vr 0.77 max 


RCA 
Type 


1N3861 
1N3862 
1N3863 


AQ pPpdd 


<P 


vA 
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Outlines 


.875 MAX, 
.240 MAX. r age Ahad " 
| DIA. | 


.410 
MAX. 
iy es Re Nee 
ta 
: PIN- 1.195 
| .225| .440 oy INSULATING 1.180 
1.5 205] .420 | oi EYELETS 675. 
mit: 188 R. MAX, 655 
| 3 LEADS BOTH ENDS ; 
‘016 DIA. :20: 
: LOIS 
ssl 440 N) 
7 420 ra 


2 MOUNTING HOLES 525 R. MAX. 
2 PINS 


sel t cei DIA. apie O38 DA. ° 
ee 7 ae 2 (Variant 1) 


1038 DIA. 
072 PIN- 
£001 INSULATING 
1] f evelets 37 pa 
320 335°." 
% -4210_, 358 DIA. 
1031 446 ‘ 
969 .420 
ds ae aK 
a 035 oe 
en Ga. MAX. MAX. : ft SEATING 
EMITTER FLANGE i+ PLAN 
/ | COLLECTOR 
Be DIA. oe 060 ee 00 
1500 019 
3 LEADS ‘ols DIA. 1.43 
° 691 . 
2 (Variant 2) 3 ——4 
4 HOLES 565 I 
Xt faa aas at 
N .202 | 
Boe NEE 
156 
335 pia OUTSIDE BOTH ENDS - 
[*-305 ; CORNER 
RADII ‘5 
TS aot MAX. : INDEX TAB 
: OUTSIDE 
.260 CORNER —\— 
240 RADII 
. .003 MAX. 
.034 
ahs U UU (5 1028 / 
125 yi a0 INDEX TAB 
cae 
‘O16 DIA. 


3 3 (With Flange) 


Outlines 381 


Outlines (cont’d) 


1.410 
ra 
oso, | WENGTH) 
.055 
| 
MOUNTING TAB 
(LEAD NO.2 BEHIND 
MOUNTING TAB) 
TO-5 PACKAGE 2 HOLES 4 DIMPLED 
WELDED TO STANDOFFS 
HEAT-RADIATOR 612 


+ 
(NOTE 1) 


.062 
88M 0 38 
048 


NOTE |: RECOMMENDED HOLE SIZE FOR 
PRINTED-CIRCUIT BOARD IS 0.070 DIA. 


3 (With Heat Radiator) 


O67 
057 


Es 360, MAX. ss *550 DIA. 
IA. 524 
[18.44 OA 


3 LEADS 
‘Ol 
‘016 DIA. 
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Outlines (cont’d) 


.230 MAX. 
| .209 MIN. | 
195 MAX. OIA. 
478 MIN. re 
DIA. 


.370 MAX. 
DIA. | 


4210 MAX, 
170 MIN. 


3 LEADS 
| | | 017 +902 pia, 


-.001 


OUTSIDE CORNER 
RADII O07 MAX, 


8 9 


; DETAILS OF OUT- 
370 a Coat ve a ZONE OPTIGNE 
1335 DIA. ONAL 


100 MIN. 


312 MAX, =a 
F 009 
INSULATED 
Hou | is INDEX PIN i= 
0 0 140 MAX. DIA. 3 LEADS 
10-32 NF-2A THREAD Ole DIA. 
190 MAX. 


4 LEADS 4200 
O19 DIA. DIA. 
‘016 —s1100 

INDEX TAB ; 


= 200 
i DIA. 
45° ee y! 


a10% nN 


-240 MAX. 


.240 MAX. 
me. . -— DIA. —> 
| 1 
405 y 
MAX, 


CENTER 
LEAD 


|| 080 IA. 
1S 4 LEADS 

MIN. l l fae 019 pia 

: 016 


14 
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Outlines (cont'd) 


=—»j 230 


| {209 DIA, 
—» 195 DIA 
040 MAX a os, 
“} fto-46]| 989 
o———_.060 
075 
| | | | 060 
—3 LEADS 
.500 “O19 ee 
MIN. | | | 012 ‘ on 
875 
MAX, 
050 .* 
400 
Sak Tats SEATING 
PLANE 
14-28 UNF- 
2A THREAD 


103 MAX. .215 MAX 
+4 
027 
MAX. 
.410 
il ae. | 
4 1 i : L525 
i, | PEDESTAL MAX. 
" ll i k-3 LEADS 
MOUNTING STUD 
‘oie DIA. %G§=-32NC=2A THD. 

stages 

+, 
017 *-902 pia: 

105 MAX INSUEAT iG 
; ; BELETS 

085 MAX.—| Re 
Ree ait} 

.230 

MAX.- 
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Outlines (cont'd) 


= 


eget & 
100 MAX. 


J45R. MAX, 
BOTH ENDS 


2 MOUNTING HOLES 
goa 


! 
\ R. MAX, 
34 Dia 
“03g DIA. 


22 


4 DIMPLED 
STANDOFFS 


SEATING 
4 | PLANE 
030 MAX. 


+.002 
017 *-992 pias 


@NSULATION XL 
TERN 
Le 
45 os Wg 
NOEX AY 8 100 DIA 
046 
(036 


22 (With Heat Radiator) 23 


Outlines : 385 


Outlines (cont’d) 


LEAD WILL _NOT EXTEND 


160 
MAX. 
705 BELOW Roe Su 
‘ | OF CERAM IRFACE 
ah MAX. “i ——— | 


> >) Sou a 


ey: Se ne ' i ceramic | 
ae es aes T i z 


COLLECTOR 
(CONNECTED TO CASE) 
a 


# og DIA. fe 
230 .230 ; 
g DIA. 3s ama? 209 DIA. a 
20 i | 
170 
omy S 
030 
5 MAX. 
4 LEADS me, 3 LEADS MIN. 


Tore tora Toots 


INSULATION INSULATION 


26 (4-Lead) 26 (3-Lead) 


.240 
“|: ‘220 OIA. is 332 DIA. EE: 
051->| fe 
I NJ 


N 
ito ek HEAT. N i e 
aks peel N 240 N é 
MAX N22 = ‘60s ab INSULATION 
. N N 608 ‘ 
Ton Biiaee x —. pion 
aA ic NL | See omens 
{= seats 
vi Stas 
4 AD fs on: 


27 (3-Lead) 27 (3-Lead With Heat Sink) 
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Outlines (cont’d) 


1,212 
1.272 
500 MAX. 
ng DIA, a | 
; , .250 
MAX. 
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141 R. t .007 
BOTH ENDS 


2 MOUNTING 
HOLES 


149 
“|57 DIA. 
LEAD CIRCLE ES 
510 
___.013 MIN. .440 
INSULATING 
| MATERIAL 
CATHODE O85 DIA 
350 
350 GATE 
800 
MAX 
ANODE (CASE) 


SEATING 
PLANE 


-O085 DIA. 


.063 DIA. 
350 
MAX. Bs 
POLARITY 
S44 SYMBOL 

.200 (SEE NOTE) 
805 - MAX 
qeeiee a 

ma 
| —— | +.000 


emia Ca 


NOTE: ARROW INDICATES 
F FORWARD CURRENT AS 
INDICATED BY be AMMETER 


ep 
UTER—>4 


DIAL KNURL 


31 (Press Fit) 


CATHODE ry 
TERMINAL : 4 
MIN. 
POLARITY 
SYMBOL 
(SEE NOTE) 
a 
METAL 2 
CASE { 
TERMINAL Be: 
GLASS MAX t DIA. 
INSULATION 
4135-139 DIA, 027-.035. 
2 LEADS 


RECTION 


34 
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Outlines (cont’d) 


fa ak 


Al: 


.240 MAX. 
DIA. 


COLOR DOT 


CATHODE aerate Y 410 
caryoos of 14 MAX, 
Vad ADJACENT TO 
: CATHODE LEAD 


POLARITY | SEATING PLANE or 
(SEE NOTE) 405 . 
MAX. 1S 
aight Age on MIN. 2 LEADS ANODE 
(+28 MAX: DIA. POLARITY SYMBOL 
: (SEE NOTE) 


INSULATING 
SLEEVE ee (SEE NOTE) 


14 
ANODE MIN. \ 
TERMINAL t ‘075 


.240 
INSULATION 
acess MAX. DIA. 
INSULATION 
135-.139 DIA. 027. 036 | oee 
2 LEADS 453 5 


081 MAX. pia 422 CATHODE 


ee 89 | 10-32-UNF 2A 
35 36 37 


SE, 


Outline SSA”? 
No. (Inches) 


INSULATION 
1 }e.375 MAX. 39a 23% 
‘ued Pei od 30h | 254 
156 MIN. FLAT 39d 314 
MAX. 39e 314 
39f 414 
ax son | 4g 
15 MIN MAX. 
am 7T 0 ae | 
POLARITY SYMBOL a 39j 5% 
(SEE NOTE) pee Bee 
1/4 -28 UNF-2A eae 39 
Outline | “A” “RB” 
__No. | __(Inches) __ 
40a 3% 2 
40b 3% 31% 
40c 3% 4 
40d 34 31% 
40e % 3% 
40f 34 4 
40g % 4% 


NOTE: ARROW INDICATES DIRECTION 
OF FORWARD CURRENT AS 
INDICATED BY DC AMMETER 40 
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Outlines (cont’d) 


Outline <C A? aS 2 te AY GRE Outline Ct Ga Cals fe «<<G” 
No. (Inches) No. (Inches) 
4la 2%, 5% 2 4lq 3 11% 334 
4ib 2% 7 2 4ir 3 14% 336 
A4le 24%, 8%4 2 41s 3 16% 33% 
41d 2%, 10% 2 4lt 3 71% 33% 
4le 2%, 12%, 2 4lu 3 91% 33% 
4if 2%, 14 2 4lv EE 11% 336 
A4lg 2%4 1534 2 4iw 3 14% 3% 
4ih 2% 5% 2 41x 3 16% 3% 
A4li 2% 7 2 4ly 54 TN, 53% 
41j 2% 8%4 74 41z 51% 10% 53% 
41k 2% 10% 2 4laa 5 121%, 53% 
411 2%, 12% 2 4lbb 51% 15% 536 
41m 2%4 14 2 4lce 544 1%, 53% 
4in 2%, 15% 2 4idd 5144 10% 53% 
4lo 3 1% 336 4lee 514 121%, 5% 
41p 3 91% 33% 41 ff 514 153% 536 
! , 1 
130.115 130.115 
TOTAL WIOTH if TOTAL WIDTH 
ALIGNMENT ALIGNMENT he 
TOLERANCE TOLERANCE 
58 F 065 
: “055 F- 
l i 
ye 
.270-.230 aes 
| CYLINDER 020 « ot CERAMIC ae 
(oe CATHODE ioe CATHODE CYLINDER | gee 
"007-003 ors Parts Tots 
metal i ANODE a oy 
007-003 oes l 
.095-.085 .007-.003 {09s oes 
= Veit Vee 
POLARITY POLARITY 
SYMBOL (SEE NOTE) SYMBOL (SEE NOTE) 
MEDIUM CAP 
JEDEC No. CI-5 
MEDIUM CAP MEDIUM CAP 
JEDEC No. CI-5 JEDEC No. CI-5 


6.00 


LARGE- 
METAL-SHELL 
SUPER JUMBO 

4 PIN 
WITH BAYONET 
JEDEC No, A4-18 c 


MEDIUM 
METAL -SHELL 
JUMBO 4-PIN 
WITH BAYONET 
JEDEC No, A4-29 


5.35 


MEDIUM-SHELL 
SMALL 4-PIN 

WITH BAYONET 
JEDEC No. 44-10 


| | 
1.38 
rasa 1.9 MAX. MAX, 
2.3 MAX. DIA. DIA, 
DIA 


NOTE: ARROW INDICATES DIRECTION 
OF FORWARD CURRENT AS 
INDICATED BY OC AMMETER 


“Flange-Type TO-5” 
a 
eset ATOR 
WASHER 
HEAT SINK 
RSSSSTOOSSNISSERSTESSESSSS 
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Ge 6-32 SCREW 


TO-60 
DF3IA 
| bathe. aes ee 
| 
THREAD SIZE fs 195334-7 NYLON 
10-32(.190) INSULATING WASHER 
1.0... 


SHOULDER DIA. .250 MAX. 
SHOULDER THICKNESS .050 MAX 


SI 
HEAT SINK : 
| 


NR6GB 

Co ea wasner - = CEE 
l WASHER | 

NA38C ara 
HEX NUT | 

j 10-32 @ BRp B 


EN 


OF13B CLAMP 
l 
| 
10°32-THREAD | 
Pe eo a | 
oi eke | 
WASHER 
HEAT SINK eet | 
| 
' : DFIGA 
w ioe ot rs A ag | es MICA INSULATOR 
c 
0.0, 275MAX. 
“—_ | THICKNESS .055 MAX. HEAT SINK 
NR59B 495334-7 
| CONNECTOR NYLON 
INSULATING WASHER (2) 
| ined SHOULDER DIA. .250 MAX. 
a LOckWASHER SHOULDER THICKNESS .050 MAX. 


10-32 HEX. NUT 
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Mounting Hardware (cont’d) 


TO-36 
TO-3 


6-32 SCREW 


TO-57 


| THREAD SIZE {L. 
| 495320 6-32 ( 138) 


| MICA INSULATOR | _MICA 
iinet at na ecreoetere wes ses ee 


| 
es 


THREAD | 
SIZE 
| HEAT SINK | HEAT SINK 10 32¢ 190) | DFIA 
Ba a Id | MICA 
| ' 


INSULATION WASHER k i 


NR6EC. 
COT erat washer = 1D 208 


SHOULDER DIA 


i | ae | ! | Asics 7 
NYLON BUSHING-EE} ape | HEAT SINK 
| INSULATING WASHER (2) 
=] 8. MICA 
SHOULDER DIA. 250 MAK. INSULATORS 4$95334-5- DELRIN- ' ' 
| 


NRG6B 
235 MAX Ss 
3" ee eee SHOULDER THICKNESS l ii 
| 057 MAX 
ID ks 
: Co 
6 32 CONNECTOR 
Sta ea 6=35:-.. HEX NUT 
| NA38C 
| li. 
= 14-28 THREAD es 
es ee ee | t 
onal oR 
l MICA INSULATING WASHER 5 16-24 THREAD OF6D 
HEAT SINK MICA 
l INSULATING 
RSS SSS SS WASHER 
| | DF3H TEFLON® 
INSULATOR 
Hema Shs 315 MAX, | HEAT SINK 
| THICKNESS .062 MAX. — SSS 
aE A Se pe 4355346 TEFLON® 
MICA INSULATING WASHER INSULATING WASHER 
1.0. = .325 
SHOULDER DIA. = 
l “AIS MAX, 
cy | SHOULDER 
irl ee a 
nRILOC 


: 055 MAX, 
LOCK WASHER SS BES 
NA38B NR6BA ! 
i 1/4-28 HEX. NUT CONNECTOR 


HE CIRCUITS in this section illus- 
trate some of the more important 
applications of RCA semiconductor 


devices; they are not necessarily ex-. 


amples of commercial practice. These 
circuits have been conservatively de- 
signed and are capable of excellent 
performance. The brief description 


provided with each circuit explains . 


the functional relationships of the 
various stages and points out the 
intended applications, the major per- 
formance characteristics, and signifi- 
cant design features of the over-all 
circuit. Detailed descriptive informa- 
tion on individual circuit stages 
(such as detectors, amplifiers, ~ or 
oscillators) is given in the section 
on Transistor. Applications earlier in 
this Manual, as well as in many text- 
books on semiconductor circuits. . 

Electrical specifications are given 
for circuit components to assist 
those interested in home construc- 
tion. Layouts and mechanical details 
are omitted because they vary widely 
with the requirements of individual 
set builders and with the sizes and 
shapes of the components employed. 

Performance of these circuits de- 
pends as much on the quality of the 
components selected and the care em- 
ployed in layout and construction as 
on the circuits themselves. Good sig- 
nal reproduction from receivers and 
amplifiers requires the use of good- 
quality speakers, transformers, chokes 
and input sources (microphones, pho- 
nograph pickups, etc.). 

Coils for the receiver circuits may 
be purchased at local parts dealers 
by specifying the characteristics re- 
quired: for rf coils, the circuit posi- 
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Circuits 


tion (antenna or interstage), tuning 
range desired, and tuning capaci- 
tances employed; for if coils or trans- 
formers, the intermediate. frequency, 
circuit position (1st if, 2nd if, etc.), 
and, in some cases, the associated 
transistor types; for oscillator . coils, 
the receiver tuning range, intermedi- 
ate frequency, type of converter tran- 
sistor, and type of winding (tapped 
or transformer-coupled). 

The voltage ratings specified for~ 
capacitors are the minimum .dc work- 
ing voltages. required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having substan- 
tially higher voltage ratings than 
those specified are used, they may 
not “form” completely at the operat- 
ing voltage, with the result that the 
effective capacitances of such units 
may be below their rated value. The 
wattage ratings specified for resistors 
assume methods of construction that 
provide adequate ventilation; com- 
pact installations having poor ventila- 
tion may require resistors of higher 
wattage ratings. 

Circuits which work at very high 
frequencies or which are required to 
handle very wide bandwidths de- 
mand more than ordinary skill and 
experience in construction. Place- 
ment of component parts -is quite 
critical and may require consider- 
able experimentation. All rf leads 
to components including bypass ca- 
pacitors must be kept short and 
must be properly dressed to mini- 
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mize undesirable coupling and ca- 
pacitance effects. Correct circuit 
alignment and oscillator tracking 
may require the use of a cathode- 
ray oscilloscope, a high-impedance 
vacuum-tube voltmeter, and a signal 
generator capable of supplying a 
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properly modulated signal at the ap- 
propriate frequencies. Unless the 
builder has had considerable ex- 
perience with broad-band, high- 
frequency circuits, he should not 
undertake the construction of such 
circuits. 


LIST OF CIRCUITS 


Page 
12-1 .3-Volt Portable Radio. Receiver... ...00+.++sseeees 394 
12-2 6-Volt Automobile Radio Receiver .................... 396 
12-3 Line-Operated AC/DC Radio Receiver ................ 398 
2-4 9 High-Quality PM Toner oo 2. cp feece ie esanduace-cets ae 400 
12-5 EFM Stereo Multiplex Adapter ......................00- 402 
12-6 AM/FM Automobile Radio Receiver .................. 405 
12-7. lLine-Operated (AC/DC) AM/FM Radio Receiver ...... 408 
12-8 Three-Band AM Radio Receiver ...................05. 410 
12-9 High-Quality Preamplifier for Phono, FM, or Tape Pickup 412 
12-10 Line-Operated Two-Stage Phonograph Amplifier ...... 414 
12-11 High-Quality 10-Watt Audio Power Amplifier .......... 416 
12-12 High-Quality 15-Watt Audio Power Amplifier .......... 418 
12-13 Line-Operated (AC/DC) 25-Watt Audio Power Amplifier 420 
12-14 High-Quality 35-Watt Audio Power Amplifier’) 374, Wastes 422 
12-15 High-Fidelity 70-Watt Audio Power Amplifier .......... 424 
12-16 Three-Stage 1-Watt Stereo Phonograph Amplifier ...... 426 
12-17 Line-Operated (AC/DC) 3-Watt Stereo 
Phonograph *Amplifier 2/2302 19S 72 ae 428 
12-18 Three-Stage 5-Watt Stereo Phonograph Amplifier ...... 430 
12-19 High-Quality 15-Watt Stereo Amplifier .............. 432 
12-20 27-Mc/s 5-Watt Citizens-Band Transmitter ............ 434 
12-21 50-Mc/s 40-Watt CW Transmitter ................... 436 
12-22 175-Mc/s 35-Watt Power Amplifier .................. 438 
12-23 . 27-Mc/s Crystal Oscillator 22°? 22° See 440 
12-24 500-Mc/s 1-Watt Power Oscillator .................... 441 
12-261); Grid-Dip > Meter. iw... Sac obelasas ee 442 
12-26 Code-Practice Oscillator“... 0000. 3°. 2°). See 443 
12-27. KWlectronic, R6Ve6r '. 0). aad «0s <0 ccedew oso sc-snbc, cen 444 
12-28 Power Supply for Amateur Transmitter .............. 446 
12-29 Voltage Regulator, Series Type .............2..+e+- 05 448 
12-30 Voltage Regulator, Shunt Type ...........¢...ds su une 450 
12-31 Light Minder for Automobiles ...................... 451 
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SmeMeERSE UDOT, ONAL SOLS, oi bk we ec se wele ce dee bneeaaWes iS 452 . 

12-33 Universal Motor Speed Control or Lamp Dimmer ..... 464.7 
12-34 Model Train and Race-Car Speed Control .............. 456 
eee OETOUIC. LUINCE p06 fo spe oreo e nne cera. es cig, sie MeEnweevds ae » 458 
12-36 Electronic Heat Control with Ready Light ............ 459 
12-37 Integral-Cycle Ratio Power Control .::....06e.... 60.0.2. 461 
ipeeeemer vO Amplilier +... Fo. ee oe Pees oe Re 462 
12-39. Shift Register or Ring Counter... ... 0.2.25 sc de ce ene 464 
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MANUFACTURERS OF COILS AND ASSOCIATED MATERIALS 
REFERRED TO IN PARTS LISTS 


fAraold Magnetics 
6050 West Jefferson Blvd. 
Los Angeles, Calif. 


Automatic Manufacturing Co. 


Division of General Instrument Co. 


65 Governeur Street 
Newark, N. J. 


Better Coil and Transformer Inc. 
Goodland, Ind. 


Columbus Process Co. 
Columbus, Ind. 


General Ceramic Corp. 
Crows Mill Road 
Keasby, N. J. 


Lafayette Radio Electronics 
Mail Order and Sales Center 
111 Jericho Turnpike 
Syosset, L. I., N. Y. 


P. R. Mallory and Co. Inc. 
3029 E. Washington Street 
Indianapolis, Ind. 


Microtran Co. Inc. 
145 E. Mineola Avenue 
Valley Stream, N. Y. 


Mid-West Coil and Transformer Co. 
1642 N. Halstead 
Chicago, IIl. 


Nytronics, Inc. 
550 Springfield Ave. 
Berkeley Hgts., N. J. 


J. W. Miller Co. 
5917. South Main Street 
Los Angeles, Calif. 


Radio Condenser Corp. 
Davis and Copewood Street 
Camden, N. J. 


Stancor Electronics, Inc. 
3501 West Addison Street 
Chicago, IIl. 


Triad 
305 N. Briant Street 
Huntington, Indiana 


Thompson-Ramo-Wooldridge, Inc. 
Electronic Components Division 
666 Garland Place 

Des Plaines, III. 


Thordarson 
7th and Bellmont 
Mt. Carmel, III. 
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12-1 


CONVERTER 


Circuit Description 


This portable superheterodyne re- 
ceiver using low-voltage germanium 
transistors operates from a battery 
supply voltage of only 3 volts. A 
ferrite-rod antenna assembly, which 
includes the tuned antenna trans- 


DRIVER 
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3-VOLT PORTABLE RADIO RECEIVER 


IF AMPLIFIERS 


TYPE 
T3 2NI524 


SECOND 
DETECTOR 


selects the amplitude- 
modulated rf signal from the de- 
sired radio broadcast station and 
couples it to the base of the 2N1526 
converter transistor. In the conver- 
ter stage, the modulated rf signal 


former Th, 


Circuits 
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Circuit Description (cont’d) 


is mixed with a local-oscillator sig- 
nal developed by the tuned circuit 
Lis, Cs, and C; to produce the 455- 
ke/s difference frequency used as 
the intermediate frequency. The an- 
tenna and oscillator tuning capaci- 
tors C. and Cs are mechanically 
ganged so that the antenna-input 
and oscillator circuits are adjusted 
together to maintain this difference 
frequency. Trimmer capacitors C; 
and C; are adjusted to maintain the 
required tracking relationship. Posi- 
tive feedback for the oscillator cir- 
cuit is provided by the inductive 
coupling between Lia and Lis. 

The 455-kc/s signal from the con- 
verter stage is amplified by two if- 
amplifier stages using 2N1524 tran- 
sistors. The amplified if signal is 


Parts List 


Ci = trimmer, 3 to 15 pF Rs, Ris = 1500 ohms, 
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3-VOLT PORTABLE RADIO RECEIVER (cont’d) 


then demodulated in the second-de- 
tector circuit. The 1N295 detector 
diode rectifies the if signal, and 
capacitor C; filters out the rf com- 
ponents so that only the audio- 
frequency (modulating-signal) com- 
ponent remains. The audio signal 
voltage is developed across. the 
volume-control potentiometer R.. 
The portion of the audio signal at 
the wiper arm of R: is amplified by 
a 2N2614 audio voltage amplifier 
and then by a push-pull power am- 
plifier that uses two 2N408 transis- 
tors. The power-amplifier output 
drives the speaker voice coil to pro- 
duce an audible output from the 
receiver. This receiver is capable of . 
supplying up to 25 milliwatts of 
audio power output. 


wire wound at the start 


Ce, Ce = ganged tuning 0.5 watt of the primary; Q = 
capacitor, C2 = 9.5 to 141 4 = volume-control po- 100 with transformer 
pF; Ce = 7.2 to 109 pF tentiometer, 5000 ohms, mounted on chassis; 


Cs, C1 = 0.02 uF, ceramic 

Cs = 0.005 uF, ceramic 

Cz = trimmer, 3 to 20 pF 

Cs, Cie, Crs, Ciz, Cis = 0.05 
uF, ceramic 

Co = 128 pF (part of Te) 

Cio 7] 2 pF, electrolytic, 


3 
Cu = 10 uF, electrolytic, 


AT Sig 
Cis, Coo = 100 uF, electro- 
Lytic ASV 
Cis 125 pF, (part of Ts) 
Cie 05 uF, ceramic 
Cis 125 pF, (part of Tz) 
Li = oscillator coil; wound 
from No. 3/44 Litz wire 
on coil form suitable for 
a No. 10-32 slug; Lia, 19 
turns; Lis, 155. turns, 
tapped at 8 turns from 
ground end, tunes with 
100 pF at 990 kilocycles 
Ri, Re = 10000 ohms, 
0.5 watt 
Re = 3900 ohms, 0.5 watt 


Al Ul 


audio taper (part of as- 
sembly with ON-OFF 
switch S:) 
Rs = 470 ohms, 0.5 watt 
Re = 6800 ohms, 0.5 watt 
Rz = 39000 ohms, 0.5 watt 
Rs = 330 ohms, 0.5 watt 
Rio = 2700 ohms, 0.5 watt 
Ru = 270 ohms, 0.5 watt 
Rie = 10000 ohms, 0.5 watt 
Ris = 2200 ohms, 0.5 watt 
Ris = 240 ohms, 0.5 watt 
Ris = 100 ohms, 0.5 watt 
Riz = 47 ohms, 0.5 watt 
Si = ON-OFF switch (part 
of assembly with poten- 
tiometer Ra.) 


Sp = speaker; voice-coil 
impedance, 12 to 15 ohms 
Ti = antenna transformer; 


primary, 110 turns of No. 
10/41 Litz wire wound on 
a 34”-by-14”"-by-4” fer- 
rite rod (pitch, 50 turns 
per inch); secondary, 6 
turns of No. 10/41 Litz 


transformer should tune 
with 135 pF at 535 kilo- 
cycles 

Tz = Ast if transformer; 
Thompson - Ramo - Woold- 
ridge EO-13550, or equiv. 

Ts = 2nd if transformer; 
Thompson - Ramo - Woold- 
ridge EO-13551, or equiv. 

Ts = 38rd if transformer; 
Thompson - Ramo - Woold- 
ridge EO-13552, or equiv. 

Ts = driver transformer; 
primary impedance, 10000 
ohms; secondary im- 
pedance, 2000 ohms, cen- 
ter-tapped 

Ts = output transformer; 
primary impedance, 100 
ohms, center-tapped; sec- 
ondary impedance, 15 
ohms (to match voice- 
coil impedance of 12 to 
15 ohms) 


RF AMPLIFIER MIXER 
atl, TYPE 45 |), LabX 
> / 2NI637 f TY 
tin 2NI639 
C3 


R7 
Ro Ra Re 
C5 Rg 
CLEATS a 


7.2VO 


Re 


POWER 
AMPLIFIER 


SPEAKER F& 


TYPE 
2N2869/ 
2N301 


Circuit Description 


This 7-transistor superheterodyne 
radio receiver operates from the 
storage battery in automobiles em- 
ploying a 6-volt ignition system. The 


Hr 
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6-VOLT AUTOMOBILE RADIO RECEIVER 


SECOND 
DETECTOR 
/ tye 
fe 2NI638 Co, Te 
| 2 15 


La/ spe 
/ 2NI524 


AUDIO 

AMPLIFIERS 

TYPE 

2N408 
a 


rf-amplifier stage uses a high-gain 
2N1637 transistor to provide the 
increased _ sensitivity and - higher 
signal-to-noise ratio required in 
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Circuit Description (cont’d) 


automobile radio receivers. The 
tuned rf amplifier selects and am- 
plifies the amplitude-modulated rf 
signal from the desired broadcast 
station picked up by the automobile 
whip antenna. The rf-amplifier out- 
put and a signal from the 2N1524 
local-oscillator stages are mixed in 
the 2N1639 mixer stage to provide 
a signal at the receiver intermediate 
frequency of 262.5 kc/s (this value 
is used rather than 455 kce/s in auto 
radios because the tuned if ampli- 
fiers provide greater gain and selec- 
tivity at the lower frequency). 
The rf amplifier, mixer, and local 
oscillator are tuned together by 
means of mechanically ganged vari- 


Parts List 
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6-VOLT AUTOMOBILE RADIO RECEIVER (cont’d) 


able inductors Lz, Ls, and Lx so that 
the local-oscillator frequency is al- 
ways 262.5 kc/s above the frequency 
to which the other circuits are 
tuned. Trimmer capacitors Ci, Ce, 
and Ci, are adjusted to provide the 
proper tracking relationship. 

The 262.5 ke/s output from the 
mixer is amplified by a single 2N1638 
if amplifier, and is then demodulated 
in the 1N295 second-detector cir- 
cuit. The audio signal output from 
the detector is developed across the 
volume-control potentiometer Ras, 
amplified by two 2N408 audio volt- 
age amplifiers, and applied to the 
base of the 2N2869/2N301 power 
transistor, which drives the speaker. 


Ci = 5 to 80 pF, variable 
trimmer 

Ce = 820 pF, mica, 100 V 

Cs = 2 pF, mica, 100 V 

wo fi = 25 uF, elecrolytic, 


Ce, Co, Ca Cie, Ciz; Crs = 
0.05 uF, ceramic disc 

Ce, Cu = 100-580 pF, vari- 
able trimmer 

Cy = 270 pF, mica 

Cs = 0.005 uF, ceramic disc 


c, 6 V 
0.0047 uF, 
disc 

Cuz, Cis = supplied with Ti 

Cio = 500 uF, electrolytic, 


aM 
Coo = 180 pF, mica, 100 V 
Co1 Cos = supplied with Te 
Cau, Cos = 1 uF, ceramic 
disc, 3 V 
Ce7 = 0.04 wF, ceramic disc, 


ceramic 


Cos = 0.5 wF, ceramic disc, 
25 V 
Li = 5 wH, rf choke 


Le Lz: L4 = tuner assembly; 
manufactured by F. W. 
Sickles Co. and Radio 
Condenser Corp. 

Le = antenna coil; variable 
inductor tuned with 110 
pF; frequency range 535 
to 1610 kce/s; Q = 65 at 
1610 ke/s 

Ls = rf coil; variable induc- 
tor tuned with 600 pF; 
frequency range 535 to 
1610 ke/s; Q = 65 at 1610 
ke/s 

Ls = oscillator transformer; 
primary, variable inductor 
tuned with 470 pF; fre- 
quency range 797 to 1872 
ke/s; Q = 65 at 1872 kc/s, 
secondary, 30 turns 

Ls = output coil; 20 mH; 
1 ampere, 0.5 ohm max. 

Ri = 82000 ohms, 0.5 watt 

Rz = 2200 ohms, 0.5 watt 

Rs = 33 ohms, 0.5 watt 

Rs Rei = 330 ohms, 0.5 watt 

Rs Rio = 5600 ohms, 0.5 watt 

Re = 0.33 ohm, 1 watt 


Rz = 180 ohms, 0.5 watt 

Rs = 10000 ohms, 0.5 watt 
Re = 1500 ohms, 0.5 watt 
Ri1 R22 = 1000 ohms, 0.5 watt 
Rie Ris Ris = 68 ohms, 0.5 


watt 

Ris = 820 ohms, 0.5 watt 

Ris = 47000 ohms, 0.5 watt 

Riz = 1800 ohms, 0.5 watt 

Ris = 8200 ohms, 0.5 watt 

Reo Ree = 3300 ohms, 0.5 watt 

Ris Rez = 1200 ohms, 0.5 watt 

Res = 120 ohms, 0.5 watt 

Res = 100000 ohms, 0.5 watt 

Res = volume control, po- 
tentiometer, 100000 ohms 

Res = tone control, poten- 
tiometer, 10000 ohms 

Ti = if transformer, Thomp- 
son-Ramo-Wooldridge 
No. E010173, Automatic 
Mfg. Co. No. E2740097 
AX, or equivalent 

Te = if transformer, Thomp- 
son-Ramo-Wooldridge 
No. E010174, Automatic 
Mfg. Co. No. E2740097 
BX, or equivalent 
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12-3 LINE-OPERATED AC/DC RADIO RECEIVER 


CONVERTER IF AMPLIFIER NESE CTOR 


POWER AMPLIFIER 


RECTIFIER 
TYPE s 
40265 Riz u OFF 


N7V 
AC/DC 


Circuit Description 


This four-transistor ac/de radio are converted to de power by the 
receiver operates directly from 40265 rectifier. 
either an ac power line or a de sup- Amplitude-modulated rf signals 
ply of 117 volts. AC power inputs from the desired radio broadcast 
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Circuit Description (cont'd) 


station are selected by the ferrite- 
rod antenna and input-transformer 
assembly L:. The converter stage 
uses a 40261 drift-field transistor in 
a common-emitter circuit configura- 
tion. Ganged variable capacitors C. 
and. C; permit simultaneous tuning 
of the input and_local-oscillator 
resonant circuits in the converter. 
Variable capacitors C: and Cs. pro- 
vide the trimmer adjustments. 

The 455-ke/s if output from the 
converter is amplified by a single 
if-amplifier stage which uses a 
40262 drift-field transistor in a 
common-emitter circuit for optimum 
balance of signal gain and circuit 


Parts List 


Ci, Cz, Cs, Ce = ganged tun- 
ing capacitors; ‘antenna 


} by seal ees 


oscillator coil; 
mary, 155 turns tapped 3 
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LINE-OPERATED AC/DC RADIO RECEIVER (cont'd) 


stabilty. The if amplifier is made 
selective at 455 ke/s by a double- 
tuned input transformer T, and a 
single-tuned output transformer T>. 
The audio-signal components are ex- 
tracted from the if signal by the 
1N295 detector diode and its asso- 
ciated components. The audio signal 
is amplified to the level required to 
drive the speaker by a 40263 driver 
stage and a 40264 power-output 
stage. A voltage-dependent resistor 
Ris is used as a damping resistor 
across the output transformer T; to 
protect the 40264 output transistor 
from the destructive effects of tran- 
sient voltages. 


Ris = voltage-dependent re- 


pri- : 
sistor, Ferroxcube No. 


section (Ci and Cz), 10 to 
152 pF; oscillator section 
(Cs and Ce), 4 8 to'110 pF 
Cs, Ca = 0.02 wF, ceramic 
mi Cs = =~ t10 pF, part of Ti 
Co = 5 uF, electrolytic, 3 V 
Cio = 1 pF, ceramic 
Cu, Coo = 0.01 wF, ceramic 
Ciz = 170 pF, part of Te 
Cis, Cuz = 0.05 wF, ceramic 
me 100 uF, electrolytic, 


Cis = 1 wF, ceramic 
Cir = 50 uF, electrolytic, 
15 V 


Cis = 250 uF, electrolytic, 
12 V 

Cio = 0.047 uF, ‘Mylar’, 
400 

Ca = 80 uF, electrolytic, 
150 V 


Li = antenna coil, 150 turns 
of wire wound on 6-inch 
length of 3g-inch-diame- 
ter ferrite rod, tunes with 
135-pF capacitance at 535 
ke/s 


turns from bottom (term. 
4) tunes with 100-pF 
capacitance at 990 kc/s; 
secondary, 10 turns; 
wound from Hy. Poly 
wire (no outer insula- 
tion) on slug (Arnold 
“E” or equiv.) 0.375 inch 
long and 0.181 inch in 
diameter 
Ri, Re = 47000 ohms, 0.5 
watt 
Re, Ris—2200 ohms, 0.5 watt 
Rs—470 ohms, 0.5 watt 
Rs—4700 ohms, 0.5 watt 
Re = 0.22 megohm, 0.5 watt 
Rz = 10000 ohms, 0.5 watt 
Rs = 270 ohms, 0.5 watt 
Reo = potentiometer; 10000 
ohms, 0.5 watt, audio 
taper 
Rio = 56000 ohms, 0.5: watt 
Rit. = 18000 ohms, 0.5 watt 
Riz = 820 ohms, 0.5 watt 
Riz = 330 ohms, 0.5 watt 
Ris = 8200 ohms, 0.5 watt 


E299DD-P340 or equiv. 

Riz = 250 ohms, 4 watts 

Si: = ON-OFF switch, sin- 
gle-pole, single-throw 

Ti = if transformer (in- 
cludes Cz and Cs), pri- 
mary, 286 turns of No. 36 
Gripeze wire tapped at 
127 turns from bottom 
(term. 3): secondary, 286 
turns of No. 36 Gripeze 
wire tapped at 8 turns 
from bottom (term. 2). 

Te = if transformer; pri- 
mary (includes Cie), 230 
turns of No. 3/42 Litz 
wire tapped at 110 turns 
from bottom (term. 3); 
secondary, 17 turns of No. 
3/42 Litz wire. 

Ts = audio output trans- 
former; primary, 2500 
secondary, ae 

Triad No. S-12X 

or equiv. 
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jee hat 
! / Rca 
¢ 0e8e 
C 
ANT. i os 
Cabo 


R; q 
a 
TO AGC 
CIRCUIT IN 
IF AMPLIFIER Rs 


Parts List 


Ci, Cs = trimmer capacitor, 
approximately 17 pF max- 
imum 

C2, Co, Coo = ganged tuning 
capacitor; Cs, Cy = 7.25 
to 19 pF, Coo = 6 to 21 pF 

Cs = 6.8 pF, ceramic 

C4 = 15 pF, ceramic 

Cs, Ce, C7, Cis, Cio = feed- 
through capacitor, 1000 pF 

Cio = 3.3 pF, ceramic 

Cu = 12 pF, ceramic disc 

Ciz, Cur = 4.7 pF, ceramic 

Cis = 0.33 pF, ceramic 

Cis = 15 pF, zero tempera- 
ture coefficient, NPO cer- 
amic 

Ciz = trimmer capacitor, 
1.5 to 10 pF ; 

Cis = 240 pF, ceramic disc 

Co1 = 0.005 wF, ceramic disc 

Cz = 85.6 pF (part of T1) 

Ces = 39.3 pF (part of T1) 

Cos = 1000 pF (part of T:) 

Li = antenna coil; second- 
ary, 4 turns of No. 22 bare 
tinned wire, approxi- 
mately 1 wire diameter 
apart, wound on Oak an- 
tenna coil form, resonates 
with 27-pF capacitance at 
100 Mc/s, tuning slug is 
an Arnold “J’’ (0.181 inch 
in diameter and 0.250 inch 
in length) or equiv.; pri- 
mary, center-tapped, ap- 
proximately 4 turns of 
No. 30 gripeze wire wound 
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it-IP 


below cold end of second- 
ary (primary winding 
may have to be shortened 
slightly to obtain op- 
timum impedance match) 

Lz = rf interstage coil; ap- 
proximately 3-14 turns of 
No. 18 bare tinned wire 
wound on a _ %g-inch- 
diameter coil form (re- 
move coil form after 
winding) tapped approxi- 
mately 145 turn from the 
cold end; exact winding 
length depends upon 
tracking requirements; 
coil should resonate with 
27-pF capacitance at 100 
Mc/ 


s 

Ls = rf choke, 1 uF 
Li = oscillator coil; ap- 
proximately 3-15 turns of 
No. 18 bare tinned wire 
wound on aé_é ‘%-inch- 


diameter coil form (re- 


move coil form after 


winding); exact winding © 


length depends on track- 
ing requirements; coil 
resonates with 37-pF ca- 
pacitance at 110.7 Mc/s 
Ri = 47000 ohms, 0.5 watt 
Re = 2200 ohms, 0.5 watt 
Rs, Ris, Res = 330 ohms, 0.5 


watt 
Ru, Rz7 = 4700 ohms, 0.5 watt 
Rs = 8200 ohms, 0.5 watt 
Re = 1200 ohms, 0.5 watt 


l 

: 

\ 2a} a4 | 
| at | 

| 

| 


-8 VOLTS 


TO BASE OF 
IF AMPLIFIER 
TRANSISTOR 


-8 VOLTS 


Rs = 12000 ohms, 0.5 watt 


Rs, Rsz = 1000 ohms, 0.5 
watt 

Rio, Ris, Res, Rat = 3300 

~ ohms, 0.5 watt 

Ru, Ris = 100 ohms, 0.5 
watt 


Riz, Ris, Res, Rso = 560 ohms, 
0.5 watt 
Ru, Res, Res, Ras = 240 ohms, 
0.5 watt 
Riz = 0.68 megohm, 0.5 watt 
Ris = 0.1 megohm, 0.5 watt 
Reo = 8200 ohms, 0.5 watt 
R2i = 10000 ohms, 0.5 watt 
= 20000 ohms, 0.5 watt 
= 220 ohms, 0.5 watt 
Ree, Rs: = 0.47 megohm, 0.5 
watt 
Rsz = 470 ohms, 0.5 watt 
Rss = 68 ohms, 0.5 watt 
Rss = 1500 ohms, 0.5 watt 
ie = 6500 ohms, 0:5 


Rio = 100 ohms, 0.5 watt 

Si—AFC ON-OFF switch, 
single-pole, single-throw 

Ti—if transformer, Thomas- 
Ramo-Wooldridge No. 
EO-18896, Automatic Mfg. 
Co. No. EX-11831, or 
equiv. 

T:—if transformer, Thomas- 
Ramo-Wooldridge No. 
EO-18897, Automatic Mfg. 
Co. No. EX-11832, or 
equiv. 
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12-4 HIGH-QUALITY FM TUNER (cont'd) 
AGC VOLTAGE IF AMPLIFIER STAGES 
TO 

BASE OF iw Pahoa 

RF AMP. sb C33 C34 
TRANSISTOR is + 

R TYPE R23 
13 Cos C32 IN542 
TYPE 9 “36 C39 
40245 To . 40245 T3 


SECONDARY TAS) f : 'g— @ a 


| 


c Ris R 
ee he ay 
AFC VOLTAGE athes 
TO COLLECTOR c C35 
OF OSCILLATOR ee Rig IN3Ia2 
TRANSISTOR 


IF AMPLIFIER STAGES 


OOQOQVQVO0090 


= aL TYPE R37 
IN542 
VA2 => R36 R33 RATIO DETECTOR 
he R35 

TO 
-8V MULTIPLEX 
= R29 R34 ADAPTER 

a wha tal NE 
ON 

Parts List (cont'd) 

Ts—if transformer, Thomp- Ts—if transformer, Thomp- Ts—ratio-detector trans- 
son-Ramo-Wooldridge No. son-Ramo-Wooldridge No. former, Thompson-Ramo- 
EO-18898, Automatic Mfg. EO-18900, Automatic Mfg. Wooldridge No. EO-16786- 
Co. No. EX-11833, or Co. No. EX-11834, or R2. Automatic Mfg. Co. 
equiv. equiv. No. EX-11633, or equiv. 

equiv. 


NOTE: See general considerations for construction of high-frequency and broadband circuits 
on page 391. 
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12-4 
Circuit Description 

This high-quality FM tuner uses 
silicon n-p-n transistors that pro- 
vide good receiver quieting and 
limiting performance because of 
their high usable gains and low noise 
levels (typical device noise is 3 dB 
at 100 Mc/s for a 300-ohm source 
impedance). These transistors pro- 
vide excellent amplification in the 
FM band and are capable of sus- 
tained oscillation at frequencies up 
to 1100 Mc/s. 

The rf-amplifier stage uses a 
40242 transistor in a common-emitter 
circuit configuration to obtain the 
highest stable gain over the entire 
FM broadcast frequency range. This 
stage can provide an unneutralized 
gain of 15.4 dB. The operating point 
of the stage is chosen so that age 
can be applied effectively. 

The 40243 mixer transistor is also 
operated in a common-emitter con- 
figuration. An oscillator-signal in- 
jection voltage of approximately 90 
millivolts is coupled across capaci- 
tor Ci: to the base of the mixer tran- 
sistor from the oscillator resonant 
circuit Cu, Cis, Cis, and Ly. A series- 
tuned trap Ls; and Cy. between the 
base and emitter of the mixer tran- 
sistor reduces degeneration at the 
intermediate frequency of 10.7 Mc/s 
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HIGH-QUALITY FM TUNER (cont’d) - 


and thus increases conversion gain. 
The 40244 oscillator stage is ad- 
justed to provide a uniform injec- 
tion voltage to the base of the mixer 
transistor over the entire FM oscil- 
lator-frequency range. — 

The four-stage if-amplifier strip 
uses two 40245 and two 40246 tran- 
sistors in a common-emitter circuit 
configuration to provide 23.4 dB of 
stable gain per stage. The four 
double-tuned if transformers T,, T., 
Ts, and T. provide a 6-dB bandwidth 
of 300 kc/s, which is adequate for 
reproduction of stereo signals. 

The age voltage is developed at 
the collector of the second if-ampli- 
fier transistor by a 1N542 diode, and 
is applied to the base of the 40242 
rf-amplifier transistor. As a result, 
the final 40246 if-amplifier transis- 
tor can go into full limiting before 
appreciable age is developed. This 
arrangement provides a relatively 
wide age bandwidth which is helpful 
in tuning to strong signals. 

FM detection is accomplished by 
the ratio-detector circuit, which in- 
cludes two 1N542 diodes and asso- 
ciated components. The detector 
transformer T; is designed to pro- 
vide the wide peak-to-peak separa- 
tion (450 ke/s) required for good 
stereo multiplex operation. 


12-5 FM STEREO MULTIPLEX ADAPTER 
Parts List ; 
Ci = 0.33 uF, fixed compo- Le = rf coil (includes Cs) Rz = 180 ohms, 0.5 watt 
sition Thompson - Ramo -Woold- Rs, Riz = 1000 ohms, 0.5 
Ce, Cu, Cie = 0.5 wF, disc ridge No. EO-15485-Rs or watt 
ceramic equiv. Re, Rio = 10000 ohms, 0.5 
Cs = 560 pF, mica Ls = rf coil (includes Cs) watt 


Cs = 0.1 uF, ceramic 
Cs = 1000 pF, part of Le 


Ramo -Woold- 


Thompson - 
ridge No. EO-15486-Rs or Ris, Ru = 560 


Rit = 120 ohms, 0.5 watt 
ohms, 0.5 


Ce = 1000 pF, part of La 
Cz, Cs = 10 pF. NPO disc. 
Cs = 1000 pF, part of Ls 
Cio = 1000 pF, part of Ls 
Cis = 1000 pF, part of T 
tee re 2 uF, electrolytic, 


Cis = 390 pF, part of Te 

Cis, Ciz, Cis, Cio = 7500 pF, 
mica 

Coo, Ca = 0.02 uF, disc 
ceramic 

Coo, Cos = 1 uF, disc ceramic 

Ih = incandescent lamp, 14- 
mA, 10-volt 

Ii_ = rf_coil Thompson- 
Ramo-Wooldridge No. 
EO-14039 or equiv. 


equiv. 

La = rf coil (includes Ce) 
Thompson - Ramo - Woold- 
ridge No. EO-17558 or 
equiv. 

Ls = rf coil (includes Cio) 
Thompson - Ramo -Woold - 
ridge No. EO-17557 or 
equiv. 

Ri = 0.12 megohm, 0.5 watt 

Re, Ri, Ris = 47000 ohms, 
0.5 watt 

Rs, Res, Res = 3300 ohms, 
0.5 watt 

Rs, Ra, Ree = 8200 ohms, 
0.5 watt 

Re, Ris = 470 ohms, 0.5 watt 


watt 

Ris = potentiometer, thresh- 
old control, 50000 ohms 

Ris = 2200 ohms, 0.5 watt 

Rie, Reo = 39000 ohms, 0.5 
watt 

Ra, Ree = potentiometer, 38- 
ke/s and 76-ke/s null 
control, 5000 ohms 

Ti = transformer (includes 
Cis) Thompson-Ramo- 
Wooldridge No. EO-15360- 
Ro or equiv. 

T2 = transformer (includes 
Cis) Thompson-Ramo- 
Wooldridge No. EO-15361- 
R7z or equiv. 
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12-5 FM STEREO MULTIPLEX ADAPTER (cont’d) 
COMPOSITE — SIGNAL PILOT 19-kc/s BALANCED 
AMPLIFIER SEPARATOR C AMPLIFIER ‘DOUBLER 
i AND TYPE 
LIMITER IN295 


s C5 C9 C3 T, 
: 
TYPE Lagye'3 TYPE 316 
2NI524 ae 2NI632 = | 
= Saag ae Ts a ol 
TO IF \ he nls TYPE 
STRIP “9b ene 
R3 = 
O-I2 v 


Cg ejig LAMP SWITCH 


TYPE 
oe 2N408 


Ce Cio 
vabjgts CH Rig 


THRESHOLD 
AMPLIFIER 


R Ci2 
AE eR EM 
TO LEFT- 
Ma oui 
Cie $, S23 C22 
ip 2I 
C20 
38-kc/s = C R oe 
” AMPLIFIER a u 24. 
AND 5 |+ 
LIMITER @ TYPE SRig 
IN541 — 
PE aE BALANCED 
Ae - DETECTORS eolmeate 
(y- Z0 CHANNEL 
OUTPUT 
all 
R25 23 
R22 
C2 
Ci4 R26 


TYPE af 
O-l2 Vv IN54! O-12 V 
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Circuit Description 


This FM stereo multiplex adapter, 
or demodulator, separates composite 
multiplex signals supplied by an FM 
tuner, such as that shown by circuit 
12-4, into right- and left-channel 
inputs for stereo audio-output 
stages. The adapter features a high 
input impedance, a noise-immunity 
circuit, and automatic switching for 
stereophonic or monaural reception. 

The input to the composite-signal 
amplifier is obtained from the ratio 
detector in the FM tuner. The am- 
plifier, which is essentially an iso- 
lation stage, uses a 2N1524 transis- 
tor in an emitter-follower circuit 
configuration to provide the high- 
input-impedance termination neces- 
sary to prevent excessive loading of 
the ratio detector. The composite 
signal is coupled from the emitter 
circuit of the amplifier through an 
SCA rejection filter (Li and Cs) to 
the base of a second 2N1524 used in 
a pilot-separator stage. 

The collector circuit of the pilot 
separator consists of a double-tuned, 
top - capacitance - coupled, 19-ke/s 
transformer (Lz and Ls). This trans- 
former presents a highly selective 
load to the 19-ke/s pilot-frequency 
component included in the composite 
signal. The pilot-separator stage 
also acts as an emitter follower for 
the composite signal. 

The 2N1524 threshold amplifier 
and the 2N1632 19-ke/s amplifier 
and limiter comprise the noise-im- 
munity circuit. During operation, 
reverse bias is applied to the 2N1632 
through the threshold potentiometer 
Ris. When noise or insufficient pilot 
is available from the FM detector 
(as in the case of a weak station 
or of monaural reception), the for- 
ward bias developed by the 1N295 
bias-rectifier circuit is insufficient to 
overcome the preset reverse bias on 
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FM STEREO MULTIPLEX ADAPTER (cont’d) 


the 2N1632, and stereophonic switch- 
ing is not accomplished. The presence 
of an acceptable pilot level (one 
that does not switch on interstation 
noise and yet provides adequate 
stereo reception) results in sufficient © 
forward bias to make the 2N1632 
conduct and thus to permit opera- 
tion of the subcarrier regenerating 
stages. 

The output of the 19-kc/s ampli- 
fier and limiter is coupled by trans- 
former T; to a balanced frequency- 
doubler circuit. This circuit, which 
consists of two 1N295 diodes con- 
nected in a full-wave rectifier con- 
figuration, doubles the frequency of 
the 19-kc/s signal to regenerate the 
38-ke/s subcarrier required for de- 
tection of the left- and right-channel 
information in the composite signal. 

The 2N1534 38-ke/s amplifier and 
limiter supplies the bias current to 
turn on the 2N408 lamp switch that 
indicates stereo operation of the 
adapter. The 38-kce/s_ subcarrier 
from the balanced doubler is am- 
plified by the 38-kc/s amplifier and 
limiter and applied to the primary 
of T:, and the composite signal from 
the emitter of the pilot-separator 
transistor is applied to the secondary 
center tap of T: When a properly 
phased regenerated subcarrier is 
added to the composite signal, stereo 
demodulation is accomplished, and 
right- and left-channel information 
appears at the respective outputs. 

Monaurally transmitted signals 
that appear at the emitter of the 
pilot separator are applied directly 
to the balanced-detector transformer 
T. without activating the subcarrier 
regenerating stages. The demodu- 
lated signal then appears with equal 
amplitude in both left and right 
channels of the receiver. 
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Circuit Description 


This AM/FM receiver operates 
directly from a 12-volt automobile 
battery supply. AM or FM operation 
is selected by means of switch Si. 
A whip antenna picks up both AM 
and FM signals transmitted by radio 
broadcast stations. (The optimum 
antenna length for FM reception is 
29 inches.) RF choke Li presents a 
high impedance at FM frequencies 
(88 to 108 Mc/s) so that FM signals 
cannot enter the AM tuner, but al- 


lows signals at AM frequencies (550. 


to 1600 kce/s) to pass relatively un- 
impeded. Capacitor C: provides low- 
impedance coupling of FM signals 
into the FM tuner, but blocks the 
passage of AM signals. 

When S: is in the FM position, the 
FM tuner selects the frequency- 
modulated rf signal from the de- 
sired broadcast station, amplifies 
this signal, and converts it to the 
10.7-Mc/s intermediate frequency. 
The 2N1177 rf amplifier and the 
2N1179 autodyne converter transis- 
tors provide signal-power gains at 
the if output frequency of at least 
25 dB for input frequencies in the 
88-to-108-Mc/s FM band. Ganged 
tuning of the rf and converter stages 
insures that the local-oscillator fre- 
quency tracks the input tuning at 
10.7 Mc/s above the center fre- 
quency of the FM channel selected. 
Trimmer adjustments are provided 
by capacitors C;, Cis, and Cs: and 
inductors L:, L;, and L; A 1N295 
diode prevents oscillator blocking in 
the converter stage and thus extends 
the large-signal-handling capabili- 
ties of the FM tuner. 

The 10.7-Mc/s output of the FM 
tuner is amplified by three 2N1180 
tuned if-amplifier stages that pro- 
vide an over-all signal gain of 69 
dB. Good selectivity for FM signals 
is provided by four double-tuned 
transformers T;, T:, T:, and Te. 

The if strip is also used for AM 
operation. At the 262.5-kc/s inter- 
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mediate frequency used in AM auto- 
mobile receivers, two of the 2N1180 
if stages provide more than ade- 
quate gain. Therefore, the first 
2N1180 stage is converted to an AM 
converter when S: is set to the AM 
position. This stage and the 2N1637 
rf amplifier comprise the AM tuner. 
The 262.5-ke/s output from the AM 
tuner is amplified by the two re- 
maining 2N1180 if amplifiers and 
coupled to the 1N295 AM second- 
detector circuit. Selectivity for AM 
signals is provided by the 262.5-ke/s 
if transformers T:, T;, and Ty. 

FM if signals are demodulated 
and the amplitude distortion is re- 
moved in the 1N542 ratio-detector 
circuit. A 1N295 AM detector cir- 
cuit separates the audio signal from 
(demodulates) the AM if signal. A 
third section of S, then selects the 
audio output from either the FM 
ratio detector or the AM detector. 
The selected audio output is ampli- 
fied by 2N591 predriver and driver 
stages. The output of these stages 
drives a 2N2869/2N301 power am- 
plifier to develop the power neces- 
sary to produce the required speaker 
output. 

The age network consisting of a 
1N295 diode, Res, and Cs. develops a 
de bias voltage proportional to the 
signal amplitude and applies it to 
the base of the 2N1637 transistor 
to provide automatic gain control 
for the AM receiver. The age volt- 
age for the FM receiver is developed 
by a 1N295 diode circuit and applied 
to the base of the 2N1177 rf tran- 
sistor. A 1N3182 diode circuit rec- 
tifies the signal across the tertiary 
(reference) winding of the ratio- 
detector transformer. The resultant 
frequency-sensitive de voltage, ap- 
plied to the emitters of the FM con- 
verters and rf-amplifier transistors, 
provides automatic frequency con- 
trol (afc) for the FM tuner. 
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Parts List 
Ci = 18 pF, ceramic disc, 
50 V 


Cz = 5-80 pF, mica, trimmer 


Cs, Ce, Cio; Cay = 5 pF, 
ceramic disc, 50 V 

C1, Ciz, Coo = 6-21 pF, tun- 
ing capacitor 
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Cs, Cis, Cat = 1-6 pF, mica, 
trimmer 

Cz; = 1.5 pF, ceramic disc, 
50 V 


Cs Cio Cae Cis Css Coo Cr3 = 
0.05 ywF, ceramic disc, 
50 V 


C59 
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Co C11 Crs Cor Cos Cos = 0.002 
uF, feedthrough, 50 V 


,Ciz = 55-300 pF, mica, 


trimmer 
Cis = 390 pF, ceramic disc, 
50 V 


Cis = . 0.005..uF; 
disc, 50 V 


ceramic 
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RATIO 
© OETECTOR 


Parts List (cont’d) 


Cis, Cos = 4 pF, ceramic 
disc, 50 V 

Coo = 330 pF, ceramic disc, 
50 V 

Ce2 = 2.2 pF, ceramic disc, 
50 V 


Ces, Ces, Css, Caz, Csi, Ceo, 
Ces, Ces = 0.01 nF, ceramic 
disc, 50 V 

Cee. Cao = part of Ti 

Cer = 15 pF, ceramic disc, 
50 V 

Css, Cas = 3.3 pF, ceramic 
disc, 50 V 

Css = 180 pF, N750 ceramic 

Css = 80-550 pF, mica, 
trimmer 

Css Car = part of Tz 

C9 Co Cag = part of Ts 

Cus, Css = 0.001 uF, ceramic 
disc, 50 V 

Cu = 10 uF, electrolytic, 
25 V 

Cus Cs2 = part of Ts 

Cio = 1800 pF, = 10%, 
ceramic disc 

Cso Cs3 = part of Ts 

Css = 2 pF, ceramic disc, 
50 V 

Csz Coz = part of Te 

Css = 200 pF, ceramic disc, 
50 V 

Cso = 20 wF, electrolytic, 


25 V 

Coa = 1500 pF = 10%, 
ceramic disc 

Ces = 0.02 uF, ceramic disc, 
50 V 

Ces = part of Tz 

Cex = 10 uF, electrolytic, 


a = 2.2 wF, ceramic disc, 

Cu = 200 uF, electrolytic, 
25 V 

Cre = 100 uF, electrolytic, 

Cu = 500 uF, electrolytic, 
PAIN f 

Cis, Cze = spark plate 

li = 6.2 wH, radio-fre- 
quency choke 

Le = antenna coil for FM 


on page 391. 


cnizR 


8B +_SUPPLY 
TO IF 


tuner; 4 turns No. 16 HF 
on 0.220-inch form, spaced 
54¢-inch (approx.) ; tapped 
at 1 turn; core ‘J’? ma- 
terial Arnold A1-336 or 
equiv. 

Ls = antenna coil for AM 
tuner; variable inductor; 
tunes with 120 pF over 
the frequency range from 
535 to 1610 kc/s; Qo = 60 
at 1610 kec/s; secondary 


8 turns 

Ls = rf coil for AM tuner; 
variable inductor; tunes 
with 560 pF over the fre- 
quency range from 535 to 
1610 ke/s; Qo = 60 at 1610 
kce/s, no secondary 

Ls = rf coil for FM tuner; 
same as Le except has no 


p 

Le = miniature radio-fre- 
quency choke, 1 wH (ap- 
prox.) 

Lz = oscillator.coil for FM 
tuner; 3 turns No. 16 HF 
on 0.220-inch form, spaced 
14-inch (approx.); core 
“J”? material Arnold Al- 
336 or equiv. 

Ls = oscillator coil for AM 
tuner; variable inductor; 
tunes with 470 pF over 
the frequency range from 
797 to 1872 ke/s; Qo = 45 


at 1872 kc/s; secondary 
30 turns 

Lo = filter choke, 125 ywH 
(approx. ) 

Ri Rie Ree = 100000 ohms, 
0.5 watt 


Re Rt = 560 ohms, 0.5 watt 
Rs = 390 ohms, 0.5 watt 
Rs Ru Ris = 33000 ohms, 
0.5 watt 
Re Roz Rai = 180 ohms, 0.5 
watt 
Rz = 68 ohms, 0.5 watt 
Rs = 220 ohms, 0.5 watt 
Re = 680 ohms, 0.5 watt 
Rio = 4300 ohms, 0.5 watt 
Ris = 1 megohm, 0.5 watt 
Rus Ris = 10000 ohms, 
0.5 watt 
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Riz Reo = 1500 ohms, 0.5 watt 
Ris Res = 2200 ohms, 0.5 watt 
Riso Ree = 5600 ohms, 0.5 watt 
Reo Rea = 18000 ohms, 

0.5 watt 
Rei Res Raa = 470 ohms, 

0.5 watt 

Res = 3900 ohms, 0.5 watt 

Rso = 1000 ohms, 0.5 watt 

Rai Rse Rez = 6800 ohms, 

0.5 watt 

Rss = potentiometer, 100000 
ohms, 0.5 watt, audio taper 

Res = 62000 ohms, 0.5 watt 

Rse = 4700 ohms, 0.5 watt 

Rss = 3300 ohms, 0.5 watt 

Rao = potentiometer, 250000 
ohms, 0:5 watt, audio taper 

Raz = 270 ohms, 1 watt 

Ras = 0.47 ohm, 0.5 watt 

T, —= FM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12224 or Auto- 
matic Mfg. Co. No. E27- 
41353AX or equiv. 

Te Ts = FM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12080R1 or 
Automatic Mfg. Co. No. 
E2741166BX or equiv. 

Ts = AM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12414 or equiv. 

Ts = AM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12415 or equiv. 

Te = radio-detector trans- 
former; Thompson-Ramo- 
Wooldridge No. 12007R1 
or Automatic Mfg. Co. 
No. E2741166AB or equiv. 

T; = AM if transformer; 
Thompson - Ramo - Wool- 
dridge No. 12416 or equiv. 

Ts = driver transformer; 
primary 8000 ohms at 3 
mA dc; secondary 60 
ohms; Columbus Process 
Co. No. X5357 or equiv. 

Ts = output transformer; 
primary 20 ohms at 700 
mA dc; secondary 4 
ohms; Columbus Process 
Co. No. 5383 or equiv. 


NOTE: See general considerations for construction of high-frequency and broadband circuits 
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Circuit Description 


This seven-transistor AM/FM 
radio receiver operates directly from 
either an ac power line or a de sup- 
ply of 117 volts. AC power inputs 
are converted to de power by the 
40265 rectifier. A series dropping 
resistor Rss reduces the rectifier out- 
put to the value of 9 volts required 
for the rf, if, and audio driver stages. 
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IF AMPLIFIER (FM) 
OR CONVERTER (AM) 


/ 
2NUI79  / te 


RATIO DETECTOR 
Rog 


aupio ® power 
DRIVER AMPLIFIER _ 


Operation of this ac/de AM/FM 
receiver is essentially the same as 
that of the AM/FM automobile re- 
ceiver shown in circuit 12-6, except 
that no rf-amplifier stage is re- 
quired for AM operation. Demodula- 
tion of FM signals is accomplished 
by a conventional ratio detector 
which uses two 1N541 diodes. AM 
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Circuit Description (cont'd) 


demodulation is provided by a 1N295 
diode detector circuit. The audio 
amplifier uses a 40263 transistor in 
an emitter-follower driver stage and A 
a 40264 high-voltage silicon transis- 
single-ended, 
stage. 


tor. in’ >a 
emitter 


Parts List 


Ci, C2 = 470 pF, mica 

Cs, C2o = 2.2 pF, ceramic 
disc 

o ae = 4 uF, electrolytic, 


Cs, Cis, Cse, Cr = 0.05 uF, 
ceramic disc 

Ce, Cuz, Cos = ganged tuning 
capacitors, 7 to 20 pF 

Cz, Css = 5 pF, ceramic disc 

Cs, C12, Cio = feedthrough 
capacitors, 0.002 uF 


audio-output 


Co, Cs0, C22, Cas, Css, Csa, Coz, - 


Ces = 0.01 wF, ceramic 

Cio, Cis, Cor = trimmer ca- 
pacitors, 2 to 12 pF 

Ci. = 4.7 pF, ceramic disc 

Cis, Cos = 1500 pF, ceramic 
disc 

Cis, Cor = 4 pF, ceramic 

C17 = 3.3 pF, ceramic disc 

Cis = 270 pF, ceramic disc 

Co2, Cos = 51 pF, mica 

Cos = 15 pF, ceramic disc 

Cos = 1200 pF, ceramic disc 

Ces, Cai = tuning and trim- 
mer capacitors for AM 
antenna coil, combined 
value 12 to 310 pF 

Cat, Css = 3.9 pF, ceramic 

C35, Css = 0.005 uF, ceramic 
disc 

Css = 470 pF, mica 

Cs7 = 0.003 pF, ceramic 

Css, Cao = tuning and trim- 
mer capacitors for AM 
oscillator coil, combined 
value 12 to 128 pF 

Cz9, Cas, Cso, Css = 56 pF 

Cai = 220 pF, ceramic disc 

C4, Cor = 0.01 wF, ceramic 
disc 

Caz = 10 uF electrolytic, 3 V 

C4g = 2400 pF, mica 

Cse = 3600 pF, ceramic 

Cs7 = 47 pF, ceramic disc 

Crs, oe). Ces.’ = |. 330: pF, 
ceramic disc 

Ces, Coo = 0.47 wF, ceramic 
disc 

Cer = 150 uF, electrolytic, 


6 V 
Ces = 150 uF, electrolytic, 
15.-V. 


Ceo = 0.02 nF, ceramic disc 

Cn = 80 uF, electrolytic, 
150 V 

Li = rf choke, 10 nH 

Le = 4-14 turns of No. 16 


provides 
common- 


The 


wire, spaced to %g inch, 
wound on a 0Q0.220-inch- 
diameter coil form that 


takes a No. 10/32 slug 
(Arnold No. LRN8 or 
equiv.) 


is ert coil, 1 4 

Li = FM oscillator coil; 3 
turns of No. 16 wire, 
spaced to 0.4-inch, wound 
on 0.220-inch-diameter 
coil form that takes a No. 
10/32 slug (Arnold No. 
LRN8 or equiv.) 

Ri = 5600 ohms, 0.5 watt 

Re = 390 ohms, 0.5 watt 

Rs, Rat = 2200 ohms, 0.5 
watt 

Ra, Ris, Ris = 100 ohms, 0.5 


watt 
Rs, Ro = 47000 ohms, 0.5 
watt 
Re, Ris = 680 ohms, 0.5 watt 
Rz = 2700 ohms, 0.5 watt 
Rs = 15000 ohms, 0.5 watt 
Rio, R30, Rat = 0.47 megohm, 
0.5 watt 
Rit = 18000 ohms, 0.5 watt 
Rie = 4700 ohms, 0.5 watt 
Ris, Ree = 1000 ohms, 0.5 
watt 
Riz = 330 ohms, 0.5 watt 


Ris = 820 ohms, 0.5 watt 
Rio = 68000 ohms, 0.5 watt 
Reo = 10000 ohms, 0.5 watt 
Ree = 12000 ohms, 0.5 watt 
Res = 470 ohms, 0.5 watt 


Res = 68 ohms, 0.5 watt 

Res, Res, Re = 6800 ohms, 
0.5 watt 

Rez = 1500 ohms, 0.5 watt 

Rse = volume control, po- 
tentiometer, 40000 ohms 

Ras = 339000 ohms, 0.5 watt 

= 82000 ohms, 0.5 watt 
Res = 560 ohms, 0.5 watt 
= 3900 ohms, 0.5 watt 

R3z = 82 ohms, 0.5 watt 

Rss = 3000 ohms, 5 watt 

Rs9 = voltage-dependent re- 
sistor, Ferroxcube No. 
E299DD-340 or equiv. 

Rio = 200 ohms, 5 watt 

Si = selector switch, five- 
pole, three-position 

Se = ON-OFF switch (part 
of Rae) 

Ti = input matching trans- 
former; 0.220-inch outer- 
diameter threaded coil 


transient-voltage 
tion for the output circuit. 
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audio-output stage can deliver one 
watt of audio output to the speaker 
with less than 10 per cent distortion. 
voltage-dependent 


resistor Rao 
protec- 


form to take 10/32 slug 
(Arnold IRN8 or equiv.) ; 
secondary 4-15 turns No. 
16 wire spaced to - 
inch; primary 3 turns, 
center-tapped, wound 


over ground end of 
secondary. 
Tz = 10.7-Mc/s if trans- 


former, Thompson-Ramo- 
Wooldridge No. 17214-Ri 
or equiv. 

Ts—AM antenna coil; pri- 
mary No. 2/38 Litz wire 
wound across length of 
General Ceramic, ceramic 
Q rod (0.33-inch dia. 6 
inches long) to tune 
broadcast band with tun- 
ing capacitors as shown; 
secondary 10 turns No. 
2/38 Litz wire bifilar 
wound at ground end of 
primary 

Ts—10.7-Mc/s if trans- 
former, Thompson-Ramo- 
Wooldridge No. 17215-Re 
or equiv. 

Ts = AM oscillator coil; 
secondary 20 turns No. 
2/38 Litz wire wound on 
14-inch-dia. coil form; 
primary 95 turns wound 
over secondary tapped at 
5 turns; slug, General 
Ceramic, ceramic Q rod 
38-inch long 

Te = 455-kc/s if trans- 
former, Thompson-Ramo- 
Wooldridge No. 17217-Re 
or equiv. 

Tz = 10.7-Mc/s if trans- 
former, Thompson-Ramo- 
Wooldridge No. 17216-R, 
or equiv. 

Ts = 455-kc/s if trans- 
former, Thompson-Ramo- 
Wooldridge No. 17218 or 


uiv. 

Ts = ratio-detector trans- 
former, Thompson-Ramo- 
Wooldridge No. 16786-Re 
or equiv. 

Tio = 455-ke/s if trans- 
former, Thompson-Ramo- 
Wooldridge No. 17219-Ri: 
or equiv. 

T11 = audio output trans- 
former, Triad S-12X or 
equiv. 


NOTE: See general considerations for construction of high-frequency and broadband circuits 


on page 391. 
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Parts List 


B = 9 volts 

C1 Ce Cit = variable, 26.1 to 
251 pF 

Ce Cs Ca Cos Cos Cos = trim- 
mer, 3-35 pF, Arco 403, or 
equivalent 

Cs = 0.25 uF, ceramic disc 

Cz, Cio, Cis, Cos = 0.05 uF, 
ceramic disc 

Cs Cur Cis = trimmer, 1.5-20 
pF, Arco 402, or equiv. 

Ciz, Css = 0.01 uF, ceramic 


disc 
Cis = 0.0005 uF, ceramic 


disc 
Ciz, Cis, Csi = 0.02 uF, 
ceramic disc 


Cis, Cos = 350 pF, part of Ti 


C2o = 900 pF, silver mica 
Cai = 300 pF, silver mica 
C22 = 91 pF, silver mica 
Coz = 10 pF, ceramic disc 
Cz = 10 uF, 3 volts, elec- 


trolytic 

Cso = 220 pF, ceramic disc, 
supplied with Te 

Css = 2 uF, 3 volts, elec- 
trolytic 

Cs3 = 10 uF, 3 volts, elec- 
trolytic . 

Css = 100 uF, 3 volts, elec- 
trolytic 

Css = 0.04 uF, ceramic disc 

Cze, Cs = 100 uF, 10 volts, 


electrolytic 
1 = 42 wH at 3100 kc, 
short-wave antenna coil, 


Sy = 75; turns ratio 

1/Ne, 1.67:1; Ne/Ns, 18:1 

Le = 380 wH at 1000 Kc/s, 
broadcast, antenna coil, 
Qo = 184; turns ratio 
Ni/Ne, 78:1 

Ls = 4600 wH at 270 kc/s, 
long-wave antenna coil, 
Qo = 69; turns ratio 
Ni/Nsz, 91:1 

La = 5 wH, part of if trap 


Ls = 34 wH at 3100 kc/s, 
short-wave rf coil, Qo = 
81; turns ratio, Ni/Ns, 87:1 

Le = 370 wH at 1000 kc/s, 
broadcast rf coil, Qo = 80; 
turns ratio, Ni/Ne, 2.5:1; 
Ne/Ns, 25:1 

Li = 4200 wH at 270 kc/s, 
long-wave rf coil, Qo = 
10; turns ratio N:/Ns, 
91:1 (measured with 
100000-ohm shunt) 

Ls = 29 wH at 3550 kc/s, 
short-wave oscillator coil, 
Qo = 20; turns ratio 
Ni/Ne, 25:1, Ni/Nsa, 4:1 

Lo = 200 wH at 1455 kc/s, 


broadcast oscillator coil, . 


Qo = 39; turns ratio Ni/Ne, 
29:1, Ni/Ns, 13:1 
Lio = 1100 wH at 725 kc/s, 
long-wave oscillator coil, 
Qo =" °17;> turns ratio 
Ni/Ne, 21:1, Ni/Ns, 12:1 
(measured with 200000- 
ohm shunt) 
Ri = 270 ohms, 0.5 watt 
Re = 150000 ohms, 0.5 watt 
Rz — 22000 ohms, 0.5 watt 
Rz = 100000 ohms, 0.5 watt 
Rs — 560 ohms, 0.5 watt 
Re = 1800 ohms, 0.5 watt 
R7z = 18000 ohms, 0.5 watt 
Rs = 1200 ohms, 0.5 watt 
Re — 3300 ohms, 0.5 watt 
Rio = 200000 ohms, 0.5 watt 
Rit = 47000 ohms, 0.5 watt 
Rie = 270 ohms, 0.5 watt 
Ris = 10000 ohms, 0.5 watt 
Riz = 1000 ohms, 0.5 watt 
Ris = volume control, 1 
megohm, reverse log. 
taper 
Ris = 4000 ohms, 0.5 watt 
Riz = 27000 ohms, 0.5 watt 
Ris = 4700 ohms, 0.5 watt 
Ris = tone control, 1 
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megohm, audio taper 

Reo = 560 ohms, 0.5 watt 

Rai = 330 ohms, 0.5 watt 

Ree = 100 ohms, 0.5 watt 

Res = 4.7 ohms, 0.5 watt 

Rea = 3.9 ohms, 0.5 watt 

Res = 3.9 ohms, 0.5 watt 

Sia—Sab = three-section 
wafer switch 

Sp = speaker, 3.2 ohms 

Ti — first if transformer (455 
kce/s): double-tuned cri- 
tical coupling, Automatic 
Mfg. Co. No. E-2,749,067- 
EX, or equivalent 

Ts = second if transformer 
(455 ke/s): single-tuned, 
Automatic Mfg. Co. No. 
E-2,749,067CX, or equiv. 

Ts = driver transformer: 
primary 10000 ohms, sec- 
ondary, 2000 ohms, center 
tapped; Mid-West Coil 
and Transformer Co. No. 
20AT88, or equivalent 

T, = output transformer: 
primary, 250 ohms center 
tapped; secondary, 3.2 
ohms; Mid-West Coil and 
Transformer Co. No. 20- 
AT86, or equivalent 

NOTE 1: Components Co, 
Ls, and R, make up an 
if trap in the long-wave 
band and are used to im- 
prove if rejection and 
signal-to-noise ratio. 

NOTE 2: For the antenna 
and rf coils, Ni refers to 
the turns of the primary 
winding, Ne to the tapped 
portion of the primary, 
and Ns to the secondary. 
For the oscillator coils, Ni 
refers to the tank wind- 
ing, Ne to the emitter 
winding, and Ns to the 
collector winding. 


NOTE: See general considerations for construction of high-frequency and broadband circuits 


on page 391. 


Circuit Description 

In this three-band superhetero- 
dyne AM receiver, three mechani- 
cally ganged, three-position, mul- 
tiple-section wafer switches S:, &:, 
and S; select the proper combination 
of antenna, rf-amplifier, and con- 
verter tuned circuits for long-wave, 
broadcast-band, or shortwave opera- 
tion. Each band uses a 455-kc/s 
intermediate frequency so that the 
same if amplifier can be used. The 
whip antenna is optimized for the 
shortwave band because the gain 
of the receiver is lower at these 
higher frequencies. 

The signal received by the an- 
tenna is coupled by a single-tuned 


antenna transformer (L: for short- 
wave signals, L: for broadcast-band 
signals, or Ls for long-wave signals, 
depending on the setting of the se- 
lector switch S:) to the emitter of 
the 2N1632  rf-amplifier stage. 
Single-tuned coupling is used to 
transfer the received signal from 
the collector of the 2N1632 to the 
emitter of the 2N1526 converter 
stage. Switch S. selects Ls and its 
associated tuning capacitors for 
shortwave operation, Le and its asso- 
ciated tuning capacitors for broad- 
cast-band operation, or L, and its 
associated tuning capacitors for 
long-wave operation. 
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The oscillator signal is supplied 
to the converter transistor from the 
oscillator resonant circuit (Ls and 
associated components for short- 
wave, Ll» and associated components 
for broadcast band, or Li and asso- 
ciated components for long-wave, as 
determined by the setting of switch 
Ss). Tuning capacitors Ci, Co, and Cu, 
which are common to the three 
bands, are ganged to assure that the 
oscillator frequency is always 455 
ke/s above the frequency of the re- 
ceived signal. Trimmer capacitors 
are provided in each tuned-circuit 
network (in each band) to assure 
that proper tracking is maintained 
throughout the band. 

The 455-kc/s  intermediate-fre- 
quency signal is coupled from the 
collector of the 2N1526 converter 


12-9 
FOR PHONO, FM, 


Circuit Description 


This preamplifier has equalized 
input circuits for FM stereo (flat), 
ceramic and magnetic phonograph 
pickups, and tape-recorder heads. 
Level controls are provided for FM 
and ceramic and magnetic phono- 
graph inputs. High input impedance 
and input equalization are provided 
in each operating mode by a directly 
coupled two-stage input section that 
uses frequency-sensitive negative 
feedback to provide the desired in- 
put characteristics. The 2N2613 
transistor used in the first stage has 
low noise, low saturation current, 
wide frequency response, and high 
gain. The 2N591 transistor used in 
the second stage has excellent linear- 
ity and better-than-average noise 
characteristics. The operating points 
selected for these stages provide 
both low noise performance and an 
adequate dynamic range. 

Both tone controls in the pre- 
amplifier provide full-range boost 
and cut functions; interaction is neg- 
ligible. Distortion is low for any 
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to the base of the 2N1524 if ampli- 
fier by the double-tuned if trans- 
former T;. The single-tuned if 
transformer T: couples the amplified 
if signal to the anode of the detector 
diode. The diode circuit separates 
the audio signal from the modulated 
if signal to the anode of the 1N295 
detector diode. The diode circuit 
separates the audio signal from the 
modulated if signal and develops an 
audio voltage across the volume- 
control potentiometer Ris. The por- 
tion of this audio signal coupled 
from the wiper arm of R;; to the 
2N408 transistor is used to develop 
the driving power for the 2N270 
transistors used in the push-pull 
audio-output stage. This push-pull 
stage develops the power to drive 
the speaker voice coil. 


PREAMPLIFIER 
OR TAPE PICKUP 


tone-control setting. The collector- 
to-base feedback in the third and 
fourth stages works with the tone 
controls to provide the over-all 
tonal response of the preamplifier. 
The 2N408 stages amplify the sig- 
nal to the input level required by 
most transistor audio power ampli- 
fiers. The sensitivity of the pream- 
plifier at full volume is such that 
a 1-millivolt input (2-millivolt tape 
input) results in a 42-millivolt out- 
put. For a given input level, the 
output response (with controls flat) 
is constant within + 1 dB from 10 
to 20,000 c/s. 

The de power for the preamplifier 
may be obtained from the power 
supply for the audio amplifier. If 
necessary, a voltage-dropping re- 
sistor should be used to reduce the 
supply voltage to the —18 to —22 
volts required for the preamplifier 
stages. This preamplifier is espe- 
cially suited for use with the 15- 
watt and 35-watt high-quality audio 
amplifiers, circuits 12-12 and 12-14. 


Circuits 


12-9 


TYPE 
2N2613 


CERAMIC 
PHONO 


Parts List 


Ci = 25 uF, electrolytic, 3 V 
Ce = 0.06 nF + 5%, ceramic, 


V 
Cs = 0.2 wF + 5%, ceramic, 


Cs = 50 uF, electrolytic, 3 V 
Cs = 270 pF, ceramic, 600 V 
Ce Cit 005 pF + 5%, 
ceramic, 50 V 
C7 = 0.25 wF, ceramic, 50 V 
Cs = 25 uF, electrolytic, 15 V 
Co = 2 uF, electrolytic, 3 V 
Cio, Cur = 2 uF, electrolytic, 
10 V 


Cee 015 pF + 5%, 
ceramic, 50 V 

Ce = 012° pF + 5%, 
ceramic, 50 V 

Cis = 10 uF, electrolytic, 
10 V 


Cis = 0.003 wF + 5%, 
ceramic, 500 V 


Ri = level control, poten- 
tiometer, 50000 ohms, 0.5 


watt 
Re = 51000 ohms, 0.5 watt 


. Rs = level control, poten- 


tiometer, 1000 ohms, 0.5 
watt 

Ri = level control, poten- 
tiometer, 5000 ohms, 0.5 
watt 

1 megohm, 0.5 watt 


Re = 15000 ohms, 0.5 watt 
Rz = 47000 ohms, 0.5 watt 
Rs = 100 ohms, 0.5 watt 

Ro = 0.1 megohm + 5%, 0.5 


watt 
Rio = 0.18 megohm, 0.5 watt 
Rit = 820 ohms + 5%, 0.5 


watt 
Riz — 27000 ohms + 5%, 0.5 


watt 
Ris — 1500 ohms + 5%, 0.5 
watt 
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HIGH-QUALITY PREAMPLIFIER 
FOR PHONO, FM, OR TAPE PICKUP (cont'd) 


TO 
3300-—OHM oe. 
LOAD 


*POWER SUPPLY IS COMMON TO BOTH 
CHANNELS OF STEREO AMPLIFIER. 


Riz = 1000 ohms, 0.5 watt 
Ris = 1800 ohms, 0.5 watt 
Ris = 330 ohms, 0.5 watt 
Riz = volume control, po- 
tentiometer, 10000 ohms, 
0.5 watt 
Ris = 56000 ohms, 0.5 watt 
Rio = 6800 ohms, 0.5 watt 
Roo, Res = 2700 ohms, 0.5 


watt 
Rei = 180 ohms, 0.5 watt 
Ree = bass control, poten- 
tiometer, 50000 ohms, 0.5 


Re: — 0.1 megohm, 0.5 watt 

Res = 3300 ohms, 0.5 watt 

Rees = treble control, poten- 
tiometer, 0.1 megohm, 0.5 
watt 

Roz = 27000 ohms, 0.5 watt 

Si — selector switch; rotary 
type; 2-pole, 3-position 
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12-10 LINE-OPERATED TWO-STAGE 
PHONOGRAPH AMPLIFIER 
Output 1 W 
C4 = Re 
ee 
4 
O op 
Ro 


Parts List 


Ci, Ce = 1200 pF, ceramic 

Cs = 0.005 uF, ceramic 

Cs = 100 uF, electrolytic, 
25 V 


Cs = 0.1 uF, ceramic 
Ce = 0.01 uF, ceramic’ 
oe = 250 uF, electrolytic, 


Cs = 50 uF, electrolytic, 
150 V 


Ri = 56000 ohms, 0.5 watt 

Re = bass control, poten- 
tiometer, 3 megohms, 
audio taper 


RCA Transistor Manual 


Rs, Re = 68000 ohms, 0.5 

watt 

Rs = 0.33 megohm, 0.5 watt 

Rs = treble control, poten- 
tiometer, 1 megohm, 
audio taper 

Re, Rio = 10000 ohms, 0.5 
watt 

Rz = loudness control, po- 
tentiometer, 2 megohms, 
linear taper; tapped at 
1 megohm 

Rs = 0.18 megohm, 0.5 watt 


TYPE 
Rig 40265 


AC/DC 


Rit = 33000 ohms, 0.5 watt 

Riz = voltage-dependent re- 
sistor, Ferroxcube No. 
E299DD-P340 or equiv. 

Ris = 220 ohms, 0.5 watt 

Ris = 250 ohms, 3 watts 

Si = ON-OFF switch, sin- 
gle-pole, single-throw 

Ti = output transformer; 
primary 2500 ohms, sec- 
ondary 3.2 ohms, effi- 
ciency 80 per cent; Triad 
S-12X or equiv. 


Circuits 


12-10 


415 


LINE-OPERATED TWO-STAGE 


PHONOGRAPH AMPLIFIER (cont’d) 


Circuit Description 


This two-transistor phonograph 
amplifier provides full output power 
of one watt at average record levels 
with a ceramic phonograph car- 
tridge such as the Astatic model 
314 or equivalent. It operates di- 
rectly from either an ac power line 
or a de supply of 117 volts. A 40265 
diode is used in a half-wave recti- 
fier circuit to convert ac inputs to 
the de power required for the two 
transistor stages. Capacitor Cs fil- 
ters the rectifier output. 

The 40264 n-p-n output transistor 
is driven by a 40263 p-n-p transis- 
tor operated in an emitter-follower 
stage. Because of the large, by- 
passed emitter resistor Ris, the am- 
plifier can maintain a _ constant 
_output-stage current for wide varia- 
tions in current transfer ratio of 
the transistors without loss of ac 
gain. Moreover, the phase reversal 
between the collector currents of the 
two transistors tends to compensate 
for temperate effects. Any tendency 
for current in the 40264 transistor 
to increase with temperature is off- 
set by an increase in emitter cur- 
rent of the 40263 transistor. 


Output transformer T: is used to 
match the amplifier to the speaker 
to obtain an output of one waitt. 
The electrolytic capacitors C., Cr, 
and Cs can be.sections of a multiple- 
section common-negative capacitor. 

The power gain of the basic am- 
plifier circuit is 68 dB. An input of 
3 microamperes is required to a 
load of .15,000 ohms to obtain a 
power output of one watt. The sta- 
bility of the circuit is excellent; the 
sensitivity remains relatively con- 
stant over the range of ambient 
temperatures from 25 to 70°C. Dis- 
tortion is less than 1 per cent for 
outputs below 50 milliwatts, and ap- 
proaches 10 per cent as the output 
rises to one watt, the point at which 


‘clipping begins. At a line voltage of 


117 volts, the 40264 transistor idles 
at a dissipation of approximately 
2.5 watts. The 40264 should be con- 
nected to a suitable heat sink so 
that the junction temperature will 
not exceed 150°C under worst-case 
conditions. The voltage-dependent. 
resistor Riz provides transient- 
voltage protection for the output 
transistor. 
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12-1] HIGH-QUALITY 10-WATT AUDIO POWER AMPLIFIER 


/ TYPE F 
IN3I93 
Rg 36 V Ri3 I7V 
AC 
+l 6 
: TYPE S| O 
TYPE} = IN3I93 
40310 
Ri2 
AF ogre 0 
pg C7 
a AF 
“xX YPE OUTPUT 
C R 40310 
Rw ( P 
‘ ay 
C2 
Ri3 
Parts List 
Ci = 50 uF, electrolytic, Fi = fuse, 1l-ampere Rio, Ru: = 220 ohms, 0.5 watt 
—6V Ri = volume control, po- Riz, Ris = 1 ohm, 1 watt 
Ce = 250 pF, ceramic tentiometer, 5000 ohms, Si = ON-OFF switch (part 
Cs = 50 uF, electrolytic, 0.5 watt (part of assem- of assembly with volume- 
2 control potentiometer Ri) 


and with ON-OFF switch 


1 
Re, Rs = 1000 ohms, 0.5 watt 


Cs = 100 uF, electrolytic, 
6 V Rs = 36000 ohms, 0.5 watt 
Ru, Rs = 4700 ohms, 0.5 watt 


Cs = 1000 uF, electrolytic, 
V Re = 180 ohms, 0.5 watt 


50 
Cz = 1000 uF, electrolytic, Rz = 470 ohms, 0.5 watt 
25 V Re = 68000 ohms, 0.5 watt 


Cz = 100 pF, ceramic 


1 = power transformer; 
primary, 117 volts rms; 
secondary, center-tapped, 
27 volts rms from center 
tap to each end at 500 
mA de 
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HIGH-QUALITY 10-WATT AUDIO 


POWER AMPLIFIER (cont’d) 


Circuit Description 


This high-quality audio amplifier 
can supply 10 watts (rms) of power 
to an 8-ohm speaker for an input 
of 1 volt rms. The output impedance 
of the amplifier is designed to match 
an 8-ohm speaker without the use 
of an output transformer. Series- 
connected 40310 n-p-n transistors 
are used in the output stage. The 
driver stage uses a 40319 p-n-p 
transistor and a 40314 n-p-n tran- 
sistor connected in complemen- 
tary symmetry to develop push-pull 
drive for the output stage so that 
no driver transformer is required. 
(The use of driver and output trans- 
formers would tend to limit the 
over-all frequency response of the 
amplifier.) The over-all negative 
feedback of 6 dB and other factors 
result in an amplifier frequency re- 
sponse that is flat within 1 dB from 
15 to 25,000 c/s. The use of direct 
coupling between stages and _ local 
de feedback for each stage results 
in stable quiescent operation of the 
amplifier at ambient temperatures 
up to 71°C. 

The input stage of the amplifier 
employs a 40317 n-p-n transistor 
connected in a class A common- 
emitter circuit configuration. Nega- 
tive feedback from collector to base 
of the transistor stabilizes opera- 
tion of the input stage. 

The amplified signal developed at 
the collector of the 40317 is directly 
coupled to the base of the 40319 
driver transistor, and the signal at 
the junction of the collector load re- 
sistors R; and R. is directly coupled 
to the base of the 40314. Because 


ei 


& 


these driver transistors are con- 
nected in complementary symmetry, 
the outputs developed across re- 
sistor Rio and Ru are 180 degrees 
out of phase. The 1N3754 diodes 
connected between the bases of the 
driver transistors are used to com- 
pensate for the effect of tempera- 
ture variations on the performance 
of the output transistors. 

The 40310 series-connected out- 
put transistors are operated in class 
AB rather than class B to prevent 
cross-over distortion. The drive in- 
put from the 40314 driver transis- 
tor is applied between the emitter 
and base terminals of its output 
transistor so that this output tran- 
sistor is effectively operated in a 
common-emitter configuration. As a 
result, both output transistors pro- 
vide equal voltage gain. The small 
amount of degenerative feedback de- 
veloped across emitter resistors Ris 
and R:s helps to stabilize the output 
stage. The limiting action of the 
1N8193 diodes connected in shunt 
with the emitter resistors prevents 
excessive power losses across these 
resistors when the amplifier is 
operated to provide the full rated 
output of 10 watts. 

This audio power amplifier oper- 
ates from a 117-volt, 60-c/s ac power 
input. The input is coupled by 
power transformer T, to a conven- 
tional full-wave rectifier using two 
1N38193 diodes. The rectifier pro- 
vides a 36-volt de output for use as 
the collector supply voltage for the 
amplifier. 
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12-12 HIGH-QUALITY 15-WATT AUDIO POWER AMPLIFIER 
IHFM Music Power Rating 36 W 


-38V 
FROM FRONT-— 
END POWER 
SUPPLY 
-22V 
TYPE 
Ri4 2N2147 


R 


TYPE \ hy 
2N2408 
{@ ; 
—\)+ 
TYPE 
2N2614 Rig 
c* (yr Rg - (V- 
eo Re | 
TO C5 ‘3 
HIGH- + TYPE 
QUALITY IN2326 
PREAMP. Co Riz +22 V 
O TYPE 
IN2858 
CE 


DY) 


= QouTPuT G 
-22V Fo (8 OHMS) 

TYPES 

IN2859 

FE. 
Cg To 4 

TYPES 7 Vv 
1N2859 AC 


Parts List 


Ci* = 200 uF, electrolytic, Ris, Riz = 120 ohms, 1 watt 
3 V Ris, Rio = 0.27 ohms, 1 watt 
Ti = driver transformer, 


Better Coil and Trans- 


ae fuse; 1-ampere, slo- 


oO 
Ce = 82 pF, ceramic Ri = 18000 ohms, 0.5 watt 
Cs = 100 pF, electrolytic, Re = 3300 ohms, 0.5 watt 
15 V é Rs = 10000 ohms, 0.5 watt former Company No. 
C1 = 200 uF, electrolytic, Ri = 27000 ohms, 0.5 watt 99A7 or equiv. 
6 V Rs = 33000 ohms, 0.5 watt Tz = power transformer, 
Cs = 250 uF, electrolytic, Re = 1500 ohms, 1 watt Better Coil and Trans- 
15 V Rz = 1200 ohms, 0.5 watt former Company No. 
Ce = 0.015 uF, ceramic Rs = 330 ohms, 0.5 watt 99P5 or equiv. 
Cz, Cs = 100 uF, electrolytic, Re = 2700 ohms, 0.5 watt * Capacitor Ci should not be 
25 V Rio = 180 ohms, 0.5 watt used when the amplifier 


Co, Cio = 2500 uF, electro- 
lytic, 25 V 

Fi = fuse, small enough to 
protect speaker 

Fe, Fs = fuse, 3-ampere 


Ru = 4.7 ohms, 0.5 watt 
Riz = 560 ohms, 2 watts 
Ris = 150 ohms, carbon, 5 


watts 
Ris, Ris = 180 ohms, 2 watts 


is driven by preamplifier 
circuit. 12-9 or any other 
preamplifier circuit that 
has a capacitively coupled 
output. 


Circuits 
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HIGH-QUALITY 15-WATT AUDIO 


POWER AMPLIFIER (cont’d) 


Cirevit Description 


This audio power amplifier can 
deliver 15 watts of sine-wave power 
to an 8-ohm speaker; its ,JHFM 
music power rating is 36 watts. Two 
of these amplifiers can be used in 
a stereo system to provide a total 
sine-wave power of 30 watts, or 
total IHFM music power of 72 watts. 
In this four-stage unit, two directly 
coupled input stages are used as a 
predriver for the  driver-output 
combination. An _ emitter-follower 
circuit is used in the second stage 
of the predriver section to provide 
the low source impedance required 
for the voltage feedback to the 
driver stage. 

The 2N2614 transistor used in the 
first predriver stage has high gain, 
low saturation current, and wide fre- 
quency response. The 2N408 used in 
_ the second stage improves linearity. 
Negative feedback coupled from the 
output (emitter) of the 2N408 
emitter-follower stage to the input 
(base) of the 2N2614 stage provides 
de stabilization for the predriver 
section. 

The driver-output section of the 
amplifier consists of a class B out- 
put stage driven by a transformer- 
coupled driver stage. Both stages 
use drift-field power transistors that 
feature excellent linearity (as a 
function of current and voltage 
swing), high gain, low saturation 
and leakage current, and a high 
common-emitter cutoff frequency. 
Because the negative feedback 
coupled from the output (speaker) 
terminal back to the emitter of the 
driver stage is applied in series with 
the input voltage, a low source im- 
pedance is required at the 2N2148 
driver stage. The emitter-follower 
2N408 second stage provides this 
low impedance. 

Two 1N2326 compensating diodes 
are used in the output stage to pre- 
vent changes in the 2N2147 idling 
current with variations in tempera- 


ture. A decoupling network is used 
between the collector of each 2N2147 
output transistor and its compensat- 
ing diode to prevent the diode from 
becoming back-biased during the 
signal swing and causing premature 
clipping. 

The power for the output stage is 
obtained from a center-tapped bridge 
rectifier that provides both positive 
and negative 22-volt outputs with 
respect to the grounded center 
tap. The direct signal-return path 
through the supply reduces low- 
frequency phase shift. Two 1N2859 
100-volt flanged axial-lead silicon 
rectifiers mounted on heat sinks are 
used in the power supply. If two 
amplifiers are combined in a stereo 
system, this power supply is com- 
mon to both channels. A separate 
power supply that provides a well- 
filtered de voltage of —388 volts 
should be used for the predriver 
and driver circuits. 

This audio power amplifier should 
be used with a high-quality pre- 
amplifier such as that shown in cir- 
cuit 12-9. Typical performance data 
for the 15-watt amplifier (with an 
8-ohm load impedance) are as 
follows: 


Distortion at 25 watts output: 
0.85% at 25 c/s 
0.35% at 1000 c/s 
0.75% at 15,000 c/s 
0.80% at 20,000 c/s at 1 dB 
below 15 watts 
IHFM music power: 36 watts 
Sensitivity: 42 millivolts into 
3300-ohm input for 15-watt 
output 
Hum and noise: 
15 watts 
Frequency response (3-dB-down 
points): 6 to 30,000 c/s 
Intermodulaton distortion (with 
60- and 4000-c/s_ signals 
mixed 4:1; output equiva- 
lent to 15 watts): 1.0% 


70 dB below 
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LINE-OPERATED (AC/DC) 25-WATT 


AUDIO POWER AMPLIFIER 


Ft | 


S| 


glam geod a oh Lid 
| 


7 V 
AC OR DC 


O——__+ 


Circuit Description 


This amplifier is intended pri- 
marily for use in  public-address 
systems and other audio applications 
in which flexibility with respect to 


Ce Riss 


load impedance is important. The 
amplifier provides more than 60 
dB of power gain and has a flat fre- 
quency response from 35 to 15,000 
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LINE-OPERATED (AC/DC) 25-WATT 


AUDIO POWER AMPLIFIER (cont'd) 


Circuit Description (cont’d) 


c/s. Total harmonic distortion at the 
output is less than 1 per cent, and 
the hum and noise level is 63 dB be- 
low the output for operation at the 
rated power level. The high break- 
down voltage of the silicon transis- 
tors used in the output and driver 
stages permits the amplifier to be 
operated directly from either an ac 
power line or a de supply of 117 
volts. AC inputs are converted to 
a smooth de supply voltage by four 
1N3194 diodes in a full-wave bridge 
rectifier, together with a simple RC 
filter network Ri; and C:. 

The input stage of the amplifier 
uses a 402381 transistor in a class A 
common-emitter configuration. This 
configuration, together with nega- 
tive feedback of approximately 10 
dB from the output (speaker termi- 
nal) to the emitter of the 40231, 
results in an amplifier input im- 
pedance of 2500 ohms. The amplified 
signal at the collector of the input 
transistor is directly coupled to the 
base of a 40320 transistor used in 
a simple phase-splitter circuit to 
develop the out-of-phase signals re- 
quired to drive the push-pull output 
stage. Because the collector and 
emitter load resistors in the phase- 


Parts List 
Os 1 uF, electrolytic, 3 V 


2 
Ca 


= Ri = 15000 ohms, 0.5 watt 
Ce = 0.02 uF, ceramic disc Re = 3000 ohms, 0.5 watt 
= 250 uF, electrolytic, Rs = 2200 ohms, 0.5 watt 


splitter stage are of equal value, 
the signals developed at the emitter 
and collector of the 40320 are equal 
in amplitude but 180 degrees out of 
phase. These signals are capacitively 
coupled to the bases of the 40321 
driver transistors. 

The driver transistors are con- 
nected to the 403822 high-voltage 
output transistors in a Darlington 
configuration which provides the 
high power gain required to develop 
the desired power output from the 
signals supplied from the phase- 
splitter. Resistors Rs, Ri, Ru, and 
Rie and the 1N38754 diode bias the 
driver and output stages for class 
AB operation. These stages are 
operated in class AB rather than 
class B to minimize cross-over dis- 
tortion. The 1N3754 diode also pro- 
vides the temperature compensation 
required to maintain a relatively 
constant quiescent current with 
small changes in temperature or line 
voltage. At the rated output, the 
dissipation in each output transis- 
tor is less than 15 watts at room 
temperature; therefore, the ampli- 
fier can be operated at temperatures 
up to 70°C without transistor 
derating. 


Ris, Ris = 5 ohms, 5 watts 
Riz = 10 ohms, 20 watts 
Ris = 0.22 megohm, 0.5 watt 


Ca = 0.002 wF, ceramic disc 
Cs, Ce = 2 uF, electrolytic, 


25 V 
C7 = 250 uF, electrolytic, 
150 V 


Cs = 0.1 wF, ceramic disc 
Fi = fuse, 1.5-ampere 


Ri = 51 ohms, 0.5 watt Si = ON-OFF _ switch, 
Rs = 5100 ohms, 0.5 watt double-pole, single-throw 
Re, Rv = 300 ohms, 0.5 watt Ti = audio output trans- 
Rs = 4000 ohms, 5 watts former; primary, 600 
Re, Rio = 0.18 megohm, 0.5 ohms, center’ tapped; 

secondary, 8 ohms; Co- 


watt 
Ru, Rie, Ris, Ris = 510 ohms, 
0.5 watt 


lumbus Process Co. No. 
DD176525 or equiv. 
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12-14 HIGH-QUALITY 35-WATT AUDIO POWER AMPLIFIER 
IHFM Music Power Rating 72 W 


-27V R20 -35V 


© 2N2I47 


Riz 


CF ongia7 
hy 


HIGH- 
QUALITY 
PREAMP 

O 


C7 


li7V 


Circuit Description 


This audio power amplifier can music power ratings is 72 watts. 
deliver 35 watts of sine-wave power Two of these amplifiers can be used 
to an 8-ohm speaker; its IHFM in a stereo system to provide a 
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HIGH-QUALITY 35-WATT AUDIO 


POWER AMPLIFIER (cont'd) 


Circuit Description (cont’d) 


total sine-wave power of 70 watts, 
or total IHFM music power of 144 
watts. The predriver and driver 
stages are essentially identical to 
those used in the 15-watt amplifier 
of circuit 12-12; however, the out- 
put stages of the two amplifiers 
are significantly different. 

The output stage of the 35-watt 
amplifier employs four 2N2147 tran- 
sistors in a_ single-ended, series- 
arranged, push-pull configuration. 
Two of the transistors are base- 
driven by the driver stage through 
the driver transformer T:. Each of 
these transistors, in turn, drives the 
emitter of another 2N2147. The two 
transistors in each half of the push- 
pull amplifier are series arranged 
and biased to permit large-signal 
-operation. Two 1N2326 germanium 
diodes are used to compensate for 
changes in transistor idling current 
with temperature. These diodes also 
_ improve transient response by pre- 
venting shifts in the operating point 
of the transistors, and reduce cross- 
over distortion that may result from 
phase shifts across capacitors C; 
and C.. 


Parts List 


A center-tapped, full-wave bridge 
rectifier using four 1N2860 diodes 
provides the symmetrical positive 
and negative voltage for the power- 
output stage. If two amplifiers are 
combined in a stereo system, this 
power supply is common to both am- 
plifiers. The voltage of —27 volts 
required for the predriver and driver 
should be obtained from a separate, 
well-filtered supply. 

This audio power amplifier should 
be used with a high-quality pre- 
amplifier such as that shown in cir- 
cuit 12-9. Typical performance data 
for the 35-watt amplifier (with an 
8-ohm load impedance) are as 
follows: 

Distortion at 35 watts output: 
0.3% at 25 c/s 
0.3% at 1000 c/s 
1.0% at 15,000 ¢c/s 
IHFM music power: 72 watts 
Sensitivity: 65 millivolts into 
3300-ohm input for 35-watt 
output 
Hum and noise: more than 85 
dB below 35 watts 
Frequency response (3-dB-down 
points): 3 to 40,000 c/s 


Ci = 82 pF, mica 
Ce = 150 uF, electrolytic, 
15 V 


Ces) 250. 1F; 
15 V 

Cs = 250 uF, electrolytic, 

Cs, Ce = 50 uF, electrolytic, 
20 V 


electrolytic, 


Cz; = 0.005 uF, ceramic disc 

Cs, Co = 2500 uF, electro- 
lytic, 50 V 

Fi = fuse, small enough to 
protect speaker 

F2 = fuse, 2-ampere, slo- 


blo 
Ri, Re = 3300 ohms, 0.5 watt 


Re, fe = 10000 ohms, 0.5 
watt 

Rs = 18000 ohms, 0.5 watt 

Rs = 47000 ohms, 0.5 watt 

Re = 330 ohms, 1 watt 

Rz = 330 ohms, 0.5 watt 

Rs = 220 ohms, 0.5 watt 

Rio = 180 ohms, 0.5 watt 

Ru = 4.7 ohms, 0.5 watt 

Rie = 0.18 ohms, 0.5 watt 

Ris, Ris, Reo = 270 ohms, 2 
watts 

Ruz, Ris = 150 ohms, 1 watt 

Ris = 270 ohms, carbon, 5 
watts 

Riz, Rio = 100 ohms, 1 watt 


Rai, Ree = 0.51 ohms, 1 watt 

Res = 4 ohms, 25 watts 

Si = ON-OFF switch, sin- 
gle-pole, single-throw 
1 = driver transformer, 
Better Coil and Trans- 
former Company No. 
99A5, Columbus Process 
Company No. X7601, or 
equiv. 

Te = power transformer, 
Better Coil and Trans- 
former Company No. 
99P6, Columbus Process 
Company No. X8300, or 
equiv. 
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12-75 HIGH-FIDELITY 70-WATT AUDIO POWER AMPLIFIER 
With Short-Circuit Protection 


Parts List 

Ci ees electrolytic, 6 V 
Ce = 180 uF, mica, 60 V 
Cs = 2 uF, electrolytic, 6 V 


Cs = 100 uF, electrolytic, 
Say: 


Cs = 100 pF, mica, 60 V ~ 
Cs = 100 uF, electrolytic, 
50 V 


Cz = 250 uF, electrolytic, 
6 V 


aviRne 
INI6I4 
<_ 


Cs, Co = 3000 uF, electro- 
lytic, 75 V 


Fi = fuse, 3-ampere 

Ri = 82000 ohms, 0.5 watt 
Re = 18000 ohms, 0.5 watt 
Rs = 0.1 megohm, 0.5 watt 
Rs = 180 ohms, 0.5 watt 
Rs, Re = 10000 ohms, 0.5 


watt 
Rz = 33000 ohms, 0.5 watt 


+42 V 


TYPE 
INIGI2R 


Rig 


@ 

AF 
OUTPUT 
(8 OHMS) 


O (NOTE 3) 


COMMON 


-42 V (NO LOAD) 
O) (NOTE 3) 


Rs = 4700 ohms, 0.5 watt 
Re = 270 ohms, 0.5 watt 
Rio = 5600 ohms, 0.5 watt 
Riu = bias adjustment, po- 
tentiometer, 250 ohms, 
linear taper 
Rie 3900 ohms, 0.5 watt 
BE 100 ohms, 0.5 watt 
zero adjustment, po- 
tentiomares 100 ohms, 


f II i 
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HIGH-FIDELITY 70-WATT AUDIO 


POWER AMPLIFIER (cont'd) 


Parts List (cont’d) 
linear taper 
Ris, Ris = 0.3 ohm, 10 watts 
Si = ON-OFF switch, sin- 
gle-pole, single-throw 
Se = thermal cutout switch, 


primary, 
Circuit Description 

This amplifier has a frequency re- 
_sponse that is flat within 1 dB from 
5 to 25,000 c/s. Total harmonic dis- 
tortion at the full rated output of 
70 watts is less than 0.25 per cent 
at 1000 c/s. The amplifier requires 
no driver or output transformer, and 
has built-in short-circuit protection 
that prevents damage to the driver 
and output stages from high cur- 
rents and excessive power dissipa- 
tion. 

The driver and output stages of 
this amplifier are similar to those 
of the 10-watt amplifier in circuit 
12-11. The driver stage uses a 40409 
n-p-n transistor and a 40410 p-n-p 
transistor connected in complemen- 
tary symmetry to develop push-pull 
drive for the output stage. 
40411 silicon power transistors used 
in the output stage are connected in 
series with separate positive and 
negative supply voltages. The out- 
put is directly coupled to an 8-ohm 
speaker from the common point be- 
tween the two transistors. Negative 
feedback of 35 dB is provided by 
R; and Cs. 

The input stage uses a 40406 p-n-p 
transistor in a common-emitter cir- 
cuit. This stage also provides the 
de feedback through C., Ru, Re, and 
Ru (the de zero adjustment) for 
maintaining the quiescent voltage of 
the output stage at zero plus or 
minus 0.1 volt. 

The predriver stage employs a 
40407 transistor and a 40408 transis- 
tor connected as a Darlington pair. 
This circuit has a minimum load- 
ing effect on the input stage and 
provides the necessary voltage am- 
plification for the entire amplifier. 
The subsequent stages do not pro- 
vide voltage gain. 


opens automatically when 
Mar te rises above 


Ti = power transformer; 
117 volts rms; 


Two | 


secondary. center-tapped, 
62 volts from center tap 
to each end at 1.5 A dc 
(with no external load 
on power supply) 


Bias-voltage adjustment for the 
complementary driver stages is pro- 
vided by the three 1N3754 diodes 
and the 250-ohm potentiometer Ru. 
The bias control Ru permits adjust- 
ment for variations in device pa- 
rameters; it is adjusted so that the 
output-stage quiescent current meas- 
ured at the monitor jack J is 20 
milliamperes. The forward voltage 
drop across the three diodes, to- 
gether with the voltage drop across 
the bias control, provides the bias 
voltage necessary to maintain the 
output stages in class AB operation 
to avoid cross-over distortion. The 
1N3754 diodes are connected ther- 
mally to the heat sinks of the output 
transistors to provide the neces- 
sary thermal feedback to stabilize 
the quiescent current at its preset 
value at all case temperatures up 
to 100°C. Because of the _ high- 
temperature compensation provided 
by this thermal feedback network, 
the required stability in the output 
stages can be provided by small 
emitter resistors, and losses are held 
to a minimum. 

Short-circuit protection for this 
amplifier is provided by a current- 
limiting circuit that consists of the 
Zener diode and emitter resistors 
Ris and Ris. If any condition exists 
which causes a current of more than 
five amperes to flow through either 
resistor, the voltage potential across 
the Zener diode will cause it to con- 
duct in the forward direction dur- 
ing the negative-going output half- 
cycle and cause it to break down 
at the diode reference voltage during 
the positive-going output half-cycle. 
The driving voltage, therefore, is 
clamped at that level and any further 
increase in output current is pre- 
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HIGH-FIDELITY 70-WATT AUDIO 


POWER AMPLIFIER (cont'd) 


Circuit Description (cont'd) 


vented. In this way, both the driver 
and the output transistors are pro- 
tected from high currents and ex- 
cessive power dissipation such as 
would be caused. by a reduced load 
resistance or, in the worst case, a 
short circuit. 

This amplifier operates from a 
full-wave power supply which pro- 


12-16 


vides symmetrical positive and nega- 
tive de outputs of 42 volts. The 
thermal cutout S: in the power- 
supply circuit is attached to the heat 
sink of one of the output transis- 
tors. In the event of sustained 
higher-than-normal dissipations, Sz 
will turn off power to the amplifier 
when the temperature rises to 100°C. 


THREE-STAGE 1-WATT STEREO 


PHONOGRAPH AMPLIFIER 
IHFM Music Power Rating 2.5 W Per Channel 


Circuit Description 


This three-stage stereo amplifier 
delivers a sine-wave power output 
of more than 1 watt per channel to 
a 20-ohm speaker; its IHFM music 
power rating is 2.5 watts per chan- 
nel, or 5 watts total. The input to 
the amplifier is obtained from a 
conventional 0.5-volt, 1000-picofarad 
ceramic pickup; full power output 
is attained at average record levels 
for the maximum volume setting. 
The amplifier incorporates bass and 
treble tone controls, as well as a 
tapped loudness (volume) control 
for bass boosting at low volume 
settings. It has high gain, operates 
at low noise levels, and provides 
stable operation at temperatures up 
to 55°C. 

Each channel employs a 2N2613 
low-noise input stage, a 2N2953 
transformer-coupled driver stage, 
and a conventional transformerless 
elass B output stage using two 
40253 transistors. The output power 
is coupled to the speakers through 
100-microfarad electrolytic capaci- 
tors Cis and Cu. A frequency-sensi- 
tive feedback loop in each channel 
is connected from the speaker termi- 
nal to the base of the driver stage. 
Because the 330-picofarad series 
capacitors Ci; and Cis attenuate the 
feedback at low frequencies but al- 
low high-frequency signals to be fed 
back relatively unimpeded, they ef- 


fectively provide a fixed amount of 
bass boost. The 10-picofarad capaci- 
tors C:;s and Cis provide feedback 
stabilization at high frequencies. . 
The low-noise input and driver 
stages are directly coupled. Each 
stage uses bypassed emitter resis- 
tors, and de feedback is coupled from 
the emitter of the driver to the base 
of the input stage. The tone, volume, 
and balance controls are grouped to- 
gether at the input. The 1-megohm 
resistors R; and Re and the 0.1- 
megohm resistors Ro and Rw pro- 
vide the high input impedance 
required for equalization and also 
form the divider for the full-range 
treble control. Bass cut is obtained 
by loading the pickup at low fre- 
quencies. Because of the bass boost 
in the loudness function and in the 
feedback loop, the bass cut acts in 
a manner similar to that of a boost- 
cut control. The loudness function is 
provided by 15,000-ohm __ poten- 
tiometers (volume controls) tapped 
at 10,000 ohms (Ris and Ru). The 
armature of each potentiometer is 
connected to the base of the input 
stage so that the source impedance 
is low and the noise is reduced at 
low volume settings. The balance- 
control potentiometer Ri; can be ad- 
justed so that it completely shorts 
the input stage of the attenuated 
channel to ground or, with less at- 
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THREE-STAGE 1-WATT STEREO 


PHONOGRAPH AMPLIFIER (cont’d) 


TREBLE 
Rs Rg 


9) 


VOLUME 
BALANCE 


-13.5 V 


-22V 


R 
‘a OHMS 
NAN 


R36 


Riz R37 
TYPE 
ee 40253 A 
Ri4 Cg Gg) RL =20 
C VOLUME - 
TREBLE ae - Cig "40 
TYPE -22V -I7V -I3.5V i 
Sif, Ts 40266 (se a 
I7V : LAY Pp 
AC Ra2 [Ras as 40253 


-22V 


Circuit Description (cont’d) 
tenuation, exactly balances the in- 
puts to the two channels. 

The de power for the amplifier is 
provided by a conventional full- 


wave center-tapped 22-volt supply 
using 40266 rectifier diodes; de- 
coupling networks provide filtered de 
voltages for the front-end stages. 


Parts List 

Ci, Ce = 100 pF, ceramic 
disc, 25 V 

Cs, Cs = 0.001 uF, paper, 
25 V 


Cs, Ce = 0.5 wF, paper, 25 V 
Ci; . = 10 uF, electrolytic, 


3 

Co, Cio = 100 uF, 
lytic, 3 V 

Cu; Cw = 500: pF, 
lytic, 6 V 

Ciz, Cis = 100 uF, 


Cis, Cis = 10 pF, ceramic 


electro- 
electro- 


electro- 


“ae , ceramic 

Cio = 1000 uF, electrolytic, 
25 V 

Coo = 100 uF, electrolytic, 
20 V 

Ca = 100 uF, electrolytic, 
pl 4 


Fi = fuse, l-ampere, slo- 


blo 

Ri, Ra = 0.18 megohms, 0.5 
watt 

Re, Rs = bass control, po- 
tentiometer, 3 megohms, 
0.5 watt, audio taper 

Rs, Re, Rao, Rao = 1 megohm, 
0.5 watt 

Rz, Rs = treble control, po- 
tentiometer, 3 megohms, 
0.5 watt, audio taper 

Reo, Rio = 100000 ohms, 0.5 


watt 
Ru, Rie = 180 ohms, 0.5 watt 
13, Ris = volume control, 
potentiometer, 15000 
ohms, tapped at 10000 
ohms 
Ris = balance control, po- 
tentiometer, 20000 ohms, 
0.5 watt 
10000 


Ris, Riz, Res, Rug = 
ohms, 0.5 watt 
Ris, Rea = 47 ohms, 0.5 watt 


Ris, Reo = 470 ohms, 0.5 watt 
22, Res = 56000 ohms, 0.5 
watt 

Res, Ree = 390 ohms, 0.5 watt 

, Reo, Rae, Raa = 270 ohms, 
0. 5 watt 

Res, Rso, Rai, Rag = 3.9 ohms, 

0.5 tt 


Res, Rae, ae Rss = 0.51 ohm, 


Ra = 220 ohms, 0.5 watt 

Rae = 2200 ohms, 0.5 watt 

Si = ON-OFF switch, sin- 
gle-pole, single-throw 

Ti, Te = driver transformer, 
Better Coil and Trans- 
former Co. No. 99A4, Sd 
lumbus Process Co. O. 
7602, or equiv. 

Ts = Power transformer, 
Better Coil and Trans- 
former Co. No. EX4744P, 
Columbus Process Co. No. 
8970, or equiv. 
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LINE-OPERATED (AC/DC) 3-WATT 


STEREO PHONOGRAPH AMPLIFIER 


Circuit Description 


This three-stage stereo phono- 
graph amplifier operates. directly 
from either an ac power line or a 
de supply of 117 volts. AC power 
inputs are converted to dc power 
by the 40265 rectifier. When used 
with a ceramic phonograph car- 
tridge such as the Sonotone model 
21-T or the Astatic model 17-D, the 
amplifier can deliver continuous 


sine-wave power of 3 watts per 
channel with a total harmonic dis- | 
tortion of 10 per cent or less at av- 
erage record levels. At an output 
level of 1 watt, distortion is 1.5 per 
cent or less. The maximum power 
output (into hard clipping) is about 


4.5 watts 
channel. 
The input stage in each channel 


of power output per 
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LINE-OPERATED (AC/DC) 3-WATT 


STEREO PHONOGRAPH AMPLIFIER (cont'd) 


Circuit Description (cont'd) 


uses a high-gain, low-noise 2N2613 
transistor in a common-emitter cir- 
cuit configuration to provide a high 
input impedance and to maintain a 
constant input sensitivity for the 
amplifier over a wide range of varia- 
tion in transistor parameters. The 
emitter output from each 2N2613 is 
applied to the base of a 2N2614 
transistor operated in an emitter- 
follower configuration that develops 
the driving power for direct coupling 
to the output stage. With this ar- 
rangement, the emitter current in 
the output stage is maintained rela- 
tively constant for a wide range of 
transistor parameters and for normal 
variations in line voltage. The 
2N2614 driver transistors provide a 
phase reversal which tends to can- 
-cel any variation in output-stage 
idling current with changes in tem- 
perature. 

Each output stage of the ampli- 
fier employs two 40264 high-voltage 
silicon power transistors in a class 
A push-pull configuration. Because 
both output-stage transistors are 
biased with a constant emitter cur- 
rent, dc unbalance in the output 
transformer is negligible. There- 


Parts List 


fore, a low-cost, %-inch 
transformer can be used. 
The sensitivity of the amplifier is 
such that full rated power output 
may be obtained for an input less 
than 425 millivolts. Any 800-to-1500- 
picofarad ceramic cartridge that 
provides an output from 250 to 600 
millivolts may be used. The RIAA 
frequency response of the circuit 
(between the 3-dB-down points) ex- 
tends from 100 to 9500 c/s with the 
tone controls in the flat position. 
Treble boost and cut are obtained 
from a tap on the volume control. 
Boost or cut of 9.5 dB is available 
at normal listening levels. Negative 
feedback from the speaker termi- 
nals to the base of each 2N2618 in- 
put transistor provides a bass boost 
of about 6 dB at 100 c/s. This feed- 
back permits the use of bass-cut 
controls (Rs and R.) which load the 
cartridges at low frequencies in the 
flat position. As a result, bass boost 
of about 9 dB and bass cut of about 
15 dB are available at 100 c/s at 
normal listening levels. Because the 
feedback is a function of the source 
impedance, it does not appreciably 
affect the full-volume sensitivity. 


output 


Ci = 100 uF, electrolytic, 
25 V 


C2 = 0.05 wF, paper, 200 V 
Cs, Ce = 180 pF, ceramic, 


Ci, Cs = 390 pF, ceramic, 
25 V 

Cz, Cs = 82 pF, ceramic, 
25 V 


Co, Cio = 0.1 wF, ceramic 
disc, 25 V 
co Ss = 5 uF, electrolytic, 


Cis, Cis = 2200 pF, paper, 
400 V 


Cuz, Cis = 500 uF, electro- 
ytic, 3 V 

Ciz, Cis = 14 dual section, 
100 uF, electrolytic, 250 V 

Ri, Re = 5.6 megohms, 0.5 


watt 

Re, Rs, Ris, Ris = 82000 
ohms, 0.5 watt 

Rs, Ri = bass control, dual 


potentiometers, 5 meg- 
ohms, 0.5 watt, audio 
taper 


Rz, Rs = treble control, dual 


potentiometers, 5 meg- 
ohms, 0.5 watt, linear 
taper 

Re, Rio = volume control, 


concentric potentiometers, 
3 megohms, 0.5 watt, 
tapped down 0.9 meg- 
ohm, linear taper 

Ru, Ruz = 3.9 megohms, 0.5 


watt 
Ry, Ris = 1.5 megohms, 0.5 
watt 


Riz, Reo = rey ohms + 
Ris, Rio = 75000 ohms + 
Ro, Re = 8200 ohms, 0.5 


wa 
Res = 22000 ohms, 0.5 watt 
Ras, Rez = 82 ohms, 0.5 watt 


2, Ree = 200 ohms + 
5%, 0.5 watt 
23, Ro = 180 ohms + 
5%, 0.5 watt 


Reo = 56 ohms, 0.5 watt 

Rsi = 4.7 ohms, fuse re- 
sistor 

Si: = ON-OFF switch, sin- 
gle-pole, single-throw 

Ti, Tez = audio output trans- 
former, Columbus Process 
Co. No. X-9445 or equiv. 
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THREE-STAGE 5-WATT STEREO 


PHONOGRAPH AMPLIFIER 
IHFM Music Power Rating 10 W Per Channel 


-9.4V 


+ 


-9.4V Rio 


Fy S| 


Circuit Description 

This three-stage amplifier delivers 
a sine-wave power output of 5 watts 
per channel to an 8-ohm speaker; its 
IHFM music power rating is 10 
watts per channel, or 20 watts total. 
The amplifier develops full rated 


Chi 


* R26 Tt 9 
ey 
a7 i J OUTPUT 


R2| 


BAL. : Sc TYPE 
40050 


TYPE 
IN2859 


TYPE 
IN2859 


-9.4V_ 


Ci7 -I5V 


(8 OHMS) 


! 
R 
0 
rence’ 

R3| = 


cigs Sle, | Nu 


R 
R 39 
32 +15 V 
CHASSIS 
ie aa +15 V 
2 
72/6 TYPE 
Cisae : aa {Os 
=i 
: OUTPUT 
ad (8 OHMS) 


-9.4V 


power output from each channel 
with very little distortion, and clips 
at a level of 8 watts for a 1-kc/s in- 
put. At average record levels, full 
output of 5 watts per channel is ob- 
tained for a drive input provided by 
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THREE-STAGE 5-WATT STEREO 


PHONOGRAPH AMPLIFIER (cont'd) 


Circuit Description (cont'd) 


a typical 0.5-volt, 1000-picofarad 
ceramic phonograph pickup. 

Each channel of the amplifier con- 
sists of a low-noise 2N2613 input 
stage, a 2N2953 driver stage, and a 
class B output stage using two 
40050 power transistors. The high 
input impedance of the 2N2613 
stages eliminates the need for equal- 
ization of the ceramic pickup, and 
also permits the use of simple full- 
range treble controls Rs and R» that 
have zero insertion loss. The zero- 
insertion-loss bass controls Re and 
R; provide bass-cut action by load- 
ing the ceramic pickup at low fre- 
quencies. The combination of this 
action and the bass-boost action pro- 
vided by the feedback loops is simi- 
lar to that of a conventional cut- 
and-boost control. 

The loudness controls Ri; and Ris 
are interlinked with the input-stage 
feedback loops. Because the amount 
of feedback below 1 kc/s is propor- 
tional to frequency, the frequency 
response of the input stage can be 
controlled, to a limited degree, by 
the loudness setting. When the loud- 


Parts List 
Ci, < = F380 pr’, ceramic 


taper 
Cs, Ce = 0.005 uF, ceramic 
dis watt 


Re, Rs = bass control, dual 
dis potentiometers, 3 
Cs, Ct = 1800 pF, ceramic ohms, 0.5 


ness setting is decreased, the feed- 
back becomes higher at the mid and 
high frequencies than at low fre- 
quencies. In this way, the loudness 
controls and the frequency-sensitive 
feedback provide a bass-boost action 
at reduced loudness settings. The 
boost from the loudness controls 
(tone controls flat) is 18 dB at low 
settings. 

The power supply consists of a 
full-wave rectifier using 1N2859 rec- 
tifier diodes. A eapacitive voltage 
divider provides the required dc 
voltages. The center of the capaci- 
tive divider is grounded so that both 
positive and negative voltages are 
obtained with respect to ground. Be- 
cause the dc voltage drop across 
each transistor in the output stage 
is the same, the de voltage coupled 
to the speaker terminal is essen- 
tially zero and no coupling capaci- 
tor to the speaker is required. The 
ripple components to the speaker 
from the positive and negative termi- 
nals of the power supply are equal 
and out of phase, and thus cancel 
each other. 


0.5 watt, S taper 


Y tof 
Oe - = 5 uF, electrolytic, 
Co, Cio = 0.47 wF, ceramic 


ner — = 4 uF, electrolytic, 

Cis, Cie = 22 pF, ceramic 
disc 

Cu, Cis = 10 uF, electro- 
lytic, 6 V 


~ Caz, Cig = 0.001 wF, ceramic 

Cis, Coo = 1000 uF, electro- 
lytic, 15 V 

Ca = 100 uF, electrolytic, 


15 V 

C22 = 3000 uF, electrolytic, 
10 V 

Fi = fuse, 1l-ampere, slo- 


lo 
Ri, Re = 0.1 megohm, 0.5 


watt 


meg- Ree, Res = 0.22 megohm, 0.5 
watt, audio watt 
Res, Res, Ree, Roo — 47000 
Rs, Re = 0.82 megohm, 0.5 ohms, 0.5 watt 
Reo, Raz, Rss, Res —= 22 ohms, 
0.5 watt 


Rz, Rio, Rez, Res = 4700 ohms, 
0.5 watt 


Rs, Ro = treble control, dual 
potentiometers, 3 meg- 
ohms, 0.5 watt, audio 
taper 

Ru, Riz = 82000 ohms, 0.5 
watt 


Ris, Ris = 68000 ohms, 0.5 
watt 

Rus, Ris = 0.56 megohm, 0.5 
watt 

Riz, Ris = loudness control, 
dual potentiometers, 15000 
ohms, 0.5 watt, linear 
eel tapped at 10000 


ohms 
Ris, Reo = 470 ohms, 0.5 watt 
Rea = balance control, po- 
tentiometer, 5000 ohms, 


Rs1, Rss, Rae, Rasy = 1800 
ohms, 0.5 watt 

Res, Ras, Rao, Rat = 0.27 ohm, 
0.5 watt 
= 180 ohms, 0.5 watt 

43 — 560 ohms, 0.5 watt 

Ras = 100 ohms, 0.5 watt 

Si = ON-OFF switch, sin- 
gle-pole, single- throw 

Ti, Te = driver transformer, 
Columbus Process. Co. 
No. 7602, Better Coil 
and Transformer Co. No. 
99A4, or equiv. 


Ts = power transformer, 
Columbus Process Co. 
No. X8441, Better Coil 


and Transformer Co. No. 
99P9, or equiv. 


432 RCA Transistor Manual 


12-19 HIGH-QUALITY 15-WATT STEREO AMPLIFIER 
IHFM Music Power Rating 25 W Per Channel 


-I5 V -I6 V -22 V 


u 


z Ss 12 
TYPE CHASSIS 
40051 


-I5 V -I6 V -22 V 
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Circuit Description 


This four-stage amplifier is de- FM-stereo type of input. At the 
signed for operation with either a_ clipping level, the amplifier can sup- 
ceramic phonograph pickup or an _ ply sine-wave power output of 15 
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12-19 HIGH-QUALITY 15-WATT STEREO AMPLIFIER (cont'd) 


Circuit Description (cont'd) 


watts per channel to an 8-ohm 
speaker; its IHFM music power rat- 
ing is 25 watts per channel, or 50 
watts total. Sensitivity is such that 
each channel supplies full rated 
power output to the speaker for an 
input of 0.28 volt. 

Each channel consists of a low- 
noise 2N2613 input stage, a 2N2614 
preamplifier stage, a 2N591 driver 
stage, and a class B output stage 
employing two 40051 alloy-junction 
power transistors. As in the 5-watt 
stereo amplifier in circuit 12-18, the 
high input impedance of the 2N2613 
stages eliminates the need for equal- 
ization of the ceramic pickup and 
also permits the use of simple, full- 
range treble controls Rs and R. that 


Parts List 


have zero insertion loss. The full- 
range, insertion-loss type of cut- 
and-boost bass controls Ru and Re 
operate in conjunction with the feed- 
back around the 2N2614 preampli- 
fier stage. This method of bass 
control provides the required bass 
action and simultaneously improves 
the performance of the preamplifier. 

The loudness controls Ris and Riu 
are interlinked with the input-stage 
feedback loop. As in the 5-watt am- 
plifier of circuit 12-18, the frequency 
response of the input stage can be 
controlled, to a limited degree, by 
the loudness setting. The power sup- 
ply for this 15-watt stereo amplifier 
is similar to that for the 5-watt 
amplifier in circuit 12-18. 


Ci, Ce = 180 pF, ceramic Rs, Re = 0.1 megohm, 0.5 Rai, Rese = 1500 ohms, 0.5 
Cs, Ca, Cs, Ce = 1800 pF, watt watt 

ceramic Rs, Ro = 0.22 megohm, 0.5 Rau, Rss = 12000 ohms, 0.5 
C7, Cs = 2 uF, electrolytic, watt watt 

10 V Ru, Rize = 4700 ohms, 0.5 Rsze, Ray = 15000 ohms, 0.5 
Ca.) C10, > Cas, “Cis, ‘Cis, Coo watt watt 

5 uF, electrolytic, 3 V Ris, Ria = loudness control, Rss, Rao, Ras, Ris = 560 


Cis, Cuu = 5 uF, electrolytic, 
oa, ohms, 


dual poten Omelei: 25000 


ohms, 1 watt 


watt, linear Rese, Raz = 3.9 ohms, 0.5 watt 


Cis, Cis = 0.5 uF, ceramic taper Rus, Raz, Ras, Rao = 0.27 ohm, 
Cie, Ciz = 4 pF, Mylar Ris, Ris = 27000 ohms, 0.5 0.5 watt 
Cai, Cos = 47 pF, ceramic watt Rso = 330 ohms, 2 watts 


Cze, Cos = 50 uF, electro- 


lytic, 3 V watt 
Ces, Cee = 1000 uF, electro- Riowertco = 
lytic, 25 V watt 


Cer = 250 uF, electrolytic, 
20 watt 


Riz, Ris = 33000 ohms, 0.5 Rs: = 100 ohms, 0.5 watt 
1000 ohms, 0.5 
Rei, Ree = 10000 ohms, 0.5 


Rse = 82 ohms, 0.5 watt 

Si = selector switch, double- 
pole, double-throw 

Se = ON-OFF switch, sin- 
gle-pole, single-throw 


V 
Ces = 10000 uF, electrolytic, 
15 V (or equiv.) 
Fi, Fe = fuse, 3-ampere 
Fs = fuse, l-ampere, slo-blo 
Ri, Re R7z, Rio = 1 megohm, 


: t 
Rs, Re = treble control, 
dual potentiometers, 3 
megohms, 0.5 watt, audio 
taper 


a 
Res, Res = 270 ohms, 0.5 watt 
Res, Re7 = bass control, dual 

potentiometers, 5000 ohms, 
0.5 watt, audio taper 
Res, Ree = 39 ohms, 0.5 watt 
Res = balance control, po- 
tentiometer, 5000 ohms, 
0.5 watt, S taper 
Reo, Ras = 0.12 megohm, 0.5 
watt 


Ti, Te = driver transformer, 
Columbus Process Co. No. 
X7602, Better Coil and 
Transformer Co. No. 
99A4, or equiv. 

Ts = power transformer, 
Columbus. Process Co. 
No. 7603, Better Coil and 
Transformer Co. No. 
99P3, or equiv. 
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27-Mc/s, 5-WATT CITIZENS-BAND TRANSMITTER 


RF POWER 
AMPLIFIER 
Ci 
33 
Las 
2 OUTPUT 


TYPE 
2N2869/ 
Type NSO! 

IN2326 


Rig 


S C22 
+11TO ISV = 


NOTE: The 40082 transistor used in the rf power amplifier should be mounted on a good 


heat sink. 


Circuit Description 


This transmitter operates directly 
from a 12-volt supply without the 
need for de-to-de converters, and is 
thus adaptable to mobile operations 
employing 12-volt systems. Its low 
power drain also makes it adaptable 


to portable use with small storage 
batteries. 

The rf section of the transmitter, 
which consists of a 40080 crystal- 
controlled oscillator, a 40081 driver, 
and a 40082 power amplifier, de- 
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Circuit Description (cont'd) 


velops 5 watts of rf power output 
at 27 Mc/s. Both the driver and 
the power amplifier are modulated 
to achieve 100-per-cent amplitude 
modulation. 

The 40080 crystal-controlled os- 
cillator stage is a Colpitts type of 
circuit that provides excellent fre- 
quency stability with respect to 
collector supply voltage and tem- 
perature (well within the 0.005-per- 
cent tolerance permitted by F.C.C. 
regulations) and delivers a minimum 
rf power of 100 milliwatts to the 
input of the driver stage. 

The 40081 driver stage uses a 
class C common-emitter configura- 
tion. The modulation input is applied 
to the collector circuit. This stage 
delivers a minimum of 400 milli- 
watts of modulated rf power to the 
power amplifier. A heat dissipator 
should be mounted on the case of 
the 40081. The 40082 power-amplifier 


Parts List 
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27-Mc/s 5-WATT CITIZENS-BAND TRANSMITTER (cont'd) 


stage also uses a class C common- 
emitter configuration and is modu- 
lated through the collector circuit. 
The double-7 network used as the 
output resonant circuit provides har- 
monic rejection of 50 dB, as required 
by F.C.C. regulations. The minimum 
rf power output supplied to the an- 
tenna from the power amplifier is 
3 watts. 

In the audio (modulator) section 
of the transmitter, two 2N591 class 
A amplifier stages are used to drive 
a class AB push-pull output stage 
using two 2N2869/2N301 _ transis- 
tors. This design provides maximum 
efficiency with low distortion. A 
1N2326 compensating diode is used 
in the biasing network to provide 
thermal stability. The modulation 
transformer T, is designed to match 
the collector-to-collector load im- 
pedance of the modulator to the 
impedance of the rf driver and 
power-amplifier stages. 


Ci = 75 pF, ceramic 

Ce = 30 pF, ceramic 

Cs, C4, C7 = 0.01 uF, ceramic 

Cs = 47 pF, ceramic 

Ce = 51 pF, mica 

Cs = 24 pF, mica 

€o = 0.01 wF, ceramic 

Cio = variable capacitor, 90 
to 400 pF (ARCO 429, or 
equiv.) 

Cu = 100 pF, ceramic 

Cic = 220 pF, ceramic 

Cis = 5 wF, ceramic 

Cu, Ciz = 50 uF, electro- 
lytic, 25 V 

Cis = 10 uF, electrolytic, 
15 V 


Cie, Cis = 10 ywF, ceramic 

Civ, Coo = 0.2 wF, ceramic 

Ca = 0.1 wF, ceramic 

Coo = 500 uF, electrolytic, 
15 V 

Li, Le = rf choke, 15 wF 

(Miller 4624, or equiv.) 


Ls = variable inductor (0.75 
to 1.2 uH) ; 11 turns No. 22 
wire wound on 14-inch 
CTC coil form having a 
“green dot’ core; Q = 120 

Li = variable inductor (0.5 
to 0.9 wH); 7 turns No. 22 
wire wound on 14-inch 
CTC coil form having a 
“green dot’ core; Q = 140 

Ri = 510 ohms, 0. 5 watt 

Re, Riz = 5100 ohms, 

0.5 watt 

Rs = 51 ohms, 0.5 watt 

Ra = 120 ohms, 0.5 watt 

Rs = 47 ohms, 0.5 watt 

Re = 0.1 megohm, 0.5 watt 

Rz = 10000 ohms, 0.5 watt 

Rs = 2000 ohms, 0.5 watt 

Reo = potentiometer, 10000 
ohms 

Rio = 3600 ohms, 0.5 watt 

Rit = 15000 ohms, 0.5 watt 

Ris = 1000 ohms, 0.5 watt 

Riz = 1200 ohms, 0.5 watt 

Ris = 240 ohms, 0.5 watt 


Hus, Riz = 2700 ohms, 
0.5 watt 

Ris, Rw = = 1.5 ohms, 0.5 watt 

Ti = rf transformer; pri- 
mary 14 turns, secondary 
3 turns of No. 22 wire 
wound on 14-inch CTC 
coil form having a ‘“‘green 
dot’? core;  slug-tuned 
(0.75 to 1.2 wH); Q = 100 

Te = rf transformer; pri- 
mary 14 turns, secondary 
2-34 turns of No. 22 wire 
wound on 14-inch CTC 
coil form having a “green 
dot”? core; slug-tuned 
(0.75 to 1.2 wH); Q = 100 

Ts = transformer; primary: 
2500 ohms; secondary 200 
ohms center-tapped; Mi- 
crotran SMT 17-SB or 
equiv. 

Ts = transformer; primary: 
100 ohms center- tapped; 
secondary: 30 ohms 


NOTE: See general considerations for construction of high-frequency and broadband circuits 


on page 391. 


436 


12-21 


RCA Transistor Manual | 


50-Mc/s 40-WATT CW TRANSMITTER 


With Load-Mismatch Protection 


OSCILLATOR LOW-LEVEL AMPLIFIER DRIVER 
TYPE 
TYPE 
2N3II8 2N3375 


+12 VO 


POWER AMPLIFIER 
TYE 


© +28 V 


Circuit Description 


- This cw transmitter uses a VSWR 
bridge circuit to maintain a steady- 
state dissipation in the output stage 
under all conditions of antenna mis- 
match. This technique makes it pos- 
sible to realize the full power poten- 
tial of the 40341 overlay transistor 
used in the output stage. 


AGC STAGE | 


TYRE 
2N3053 


AGC LINE 
(SHIELDED WIRE) 


OUTPUT 
(50 OHMS) 


The 50-Mc/s_ crystal-controlled 
2N3118 oscillator stage develops the 
low-level excitation signal for the 
transmitter. The 50-Mc/s output sig- 
nal from the collector of the oscilla- 
tor transistor is coupled by Ls to 
the base of a second 2N3118 used 
in a predriver stage (low-level am- - 
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Circuit Description (cont’d) 


plifier). This step-down transformer 
matches the collector impedance of 
the oscillator transistor to the low- 
impedance base circuit of the pre- 
driver transistor. The collector cir- 
cuit of the predriver is tuned to 
provide maximum signal output at 
50 Mc/s. This signal is coupled from 
a tap on inductor Ls to the input 
(base) circuit of the driver stage, 
which uses a 2N3875 silicon power 
transistor to develop the power re- 
quired to drive the output stage. 

The 40341 overlay transistor used 
in the output stage develops 40 watts 
of power output at the transmitting 
frequency of 50 Mc/s. The driving 
power for the output stage is 
coupled from the collector of the 
driver transistor through a bandpass 
filter to the base of the output tran- 
sistor. The filter networks in the 
collector circuit of the 40341 pro- 
vide the required harmonic and 
spurious-frequency rejection. The 
50-Mc/s output from these filter 
sections is coupled through a length 
of 50-ohm coaxial line to the an- 
tenna. Capacitors C., Cs, and Cis 
are adjusted to provide optimum 
impedance match between the trans- 
mitter and the antenna. 

The output of the transmitter is 
sampled by a current transformer 
(toroid) T: loosely coupled about the 


Parts List 
C1 = variable capacitor, 90 Cree 


50-Mc/s 40-WATT CW 


14 to 150 pF, Arco No. 
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TRANSMITTER (contd) 


output transmission line. This trans- 
former is the sensor for a VSWR 
bridge detector used to prevent ex- 
cessive dissipation in the output 
stage under conditions of antenna 
mismatch. If the antenna is dis- 
connected or poorly matched to the 
transmitter, large standing waves of 
voltage and current occur on the 
output transmission line. A portion 
of this standing-wave energy is ap- 
plied by Ti to the 1N3067 diode in 
the bridge circuit. The rectified cur- 
rent from this diode charges capaci- 
tor Cis to a de voltage proportional 
to the amplitude of the standing 
waves. This voltage, which is essen- 
tially an age bias, is applied to the 
base of the 2N3053 age amplifier 
stage. The output of the agc stage 
biases the 2N3118 predriver stage 
so that its gain changes in inverse 
proportion to the amplitude of the 
standing wave on the output trans- 
mission line. Therefore, as the am- 
plitude of the standing waves in- 
creases (tending to cause higher 
heat dissipation in the output tran- 
sistor), the input drive to the out- 
put stage is reduced. This compen- 
sating effect maintains a steady-state 
dissipation in the output transistor 
regardless of mismatch conditions 
between the transmitter output cir- 
cuit and the antenna. 


variable capacitor, Nise Bry pated Ex a) Ey tayeans Ob Bn atts @ g 


choke, 7 wH 


variable capacitor, 
32 to 250 pF, Vitramon 


to 400 pF, Arco No. 429 

or equiv. 426 or equiv. 
Ce = 51 pF, mica Ciz = 1000 pF, ceramic 
Cs = 30 pF, ceramic Cis = 0.01 uF, ceramic 
Cees, Cu, Cro,.Co = Ca. 

feedthrough capacitor, 

1000 pF No. 464 or equiv. 


Ce vaabie capacitor, 1.5 
to 20 pF, Arco No. 402 
or equiv. 

Cr = 36 pF, mica 

Cas idcig, | Coo5 = 
ceramic 

Cs, Cio = variable capacitor, 
8 to 60 pF, Arco No. 404 
or equiv. 

Ciz = 91 pF, mica 

Cis = variable capacitor, 
0.9 to 7 pF, Vitramon No. 
400 or equiv. 


0.02 uF, 


Li = 1 turn of No. 16 wire; 
inner diameter, %. inch; 
length, 44 inch 

i = rf choke, 1 wH 

Ls = oscillator coil; pri- 
raat 7 turns; secondary, 
1-34 ‘turns; wound from 
No. 22 wire on CTC coil 
ao having ‘‘white dot” 
cor 

i a5 turns of No. 16 wire; 
inner diameter, 54g inch; 
length, 42 inch 


a uEiob BLLTW ING. 
3006 coil stock 

Ls = 6 turns of No. 16 wire; 
inner diameter, 3 inch; 
length, 34 inch 

Ri, Re = 510 ohms, 0.5 watt 

Re = 3900 ohms, 0.5 watt 

Rs, Rs = 2.2 ohms, wire- 
wound, 0.5 watt 

Ra = 51 ohms, 0.5 watt 

Rs = 24000 ohms, 0.5 watt 

Rz = 240 ohms, 0.5 watt 

Re = age control, poten- 
tiometer, 50000 ohms 

Rio = 5.6 ohms, 1 watt 

Ti = current transformer 
(toroid), Arnold No. A4- 
437-125-SF, or equiv. 


NOTE: See general considerations for construction of high-frequency and broadband circuits 


on page 391. 
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19-22 175-Mc/s 35-WATT AMPLIFIER 
DRIVER 
LOW-LEVEL AMPLIFIERS Agee 
Tye aS 


FY) 


O13.5 V OO13.5 V I3.5 VO 


l2 W 


POWER AMPLIFIER 
TYPE 
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Circuit Description 


This four-stage rf power amplifier 
operates from a dec supply of 13.5 
volts and delivers 35 watts of power 
output at 175 Mc/s for an input of 
125 milliwatts. The silicon overlay 
transistors used in the amplifier 
supply maximum output power at 
this level of de voltage for use in 
mobile systems. 


The low-level portion of the am- 


plifier consists of three unneutral- 
ized, class C, common-emitter rf 
amplifier stages interconnected by 
band-pass filters tuned to provide 
maximum transfer of energy at 175 
Mc/s. The 40280 input stage develops 


1 watt of power output when a 125-. 


milliwatt 175-Mc/s signal is applied 
to the amplifier input terminal. This 
output is increased to 4 watts by 
the 40281 transistor used in the sec- 
ond stage. The 40282 driver transis- 
tor then develops 12 watts of driv- 
ing power for the output stage. 


Parts List 


Ci = variable capacitor, 3 


to 35 pF, Arco No. 403, or equiv. 


to 150 pF, Arco No. 424 


Cis = variable capacitor, 1.5 
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175-Mc/s 35-WATT POWER AMPLIFIER (contd) 


When the low-level stages and the 
output stage are mounted on sepa- 
rate chassis, the output from the 
driver stage is coupled to the output 
stage through a low-loss coaxial 
line. The line is terminated by vari- 
able capacitors C;; and Cis and in- 
ductor Lu. The capacitors are ad- 
justed to assure a good impedance 
match between the output of the 
driver and the input of the output 
stage at 175 Mc/s. The driving sig- 
nal developed across inductor Lu is 
applied to the tuned input networks 
of three parallel-connected 40282 
transistors in the single-ended out- 
put stage. For an input of 12 watts, 
the three 40282 transistors deliver 
35 watts of 175-Mc/s power to the 
output terminal of the amplifier. 
Capacitors Cx and Cx; are adjusted — 
to match the amplifier output to the 
load impedance at the operating 
frequency. 


inch; length, 14 inch 
Le = 1-13 turns of No. 16 
wire; inner diameter, 14 


or equiv. 
Ce, Ce, Cis, Ciz, Cis, Cis, Coz 
= variable capacitor, 8 to 
60 pF, Arco No. 404, or 


ig Can : 
Cz, Cz, Cu = 0.1 pF, ceramic 
disc 


Cs, Cs, Ciz, Ca, Ces, Cos = 
feedthrough capacitor, 
1500 pF : 

Cs, Cio, Cis, Cis, Cos = Vari- 
able capacitor, 7 to 100 
pF, Arco No. 423, or 


equiv. , 
Cs = variable capacitor, 14 


to 20 pF, Arco No. 402 


Coo, Coo, Ca = 0.2 uF, 
ceramic disc 

Li = 2 turns of No. 16 wire; 
inner diameter, %¢ inch; 
length, 144 inch 

Le, Ls, Ls = 450-ohm ferrite 
rf choke 

Lz, Le, Lu = rf choke, 1.0 


wo 
Lu, Lz = 3 turns of No. 16 
wire; inner diameter, “6 


inch; length, 3g inch 

Lio = 2 turns of No. 16 wire; 
inner diameter, 14 inch; 
length, 6 inch 

Liz, Lis, Lis = 5 turns of No. 
16 wire; inner diameter, 
14 inch; length,. 12 inch 

Lis, Lie, Liz = 2 turns of No. 
18 wire; inner diameter, 
1, inch; length, 14% inch 

Lis, Lis, Leo = 2 turns of No. 
16 wire; inner diameter, 
14 inch; length, 14 inch 


NOTE: See general considerations for construction of high-frequency and broadband circuits 


on page 391. 


440 


12-23 


TYPE 
2N1491 


XTALE_ 


C\ 


Circuit Description 


This crystal-controlled oscillator 
provides a stable 4-milliwatt output 
at 27 Mc/s. The circuit operates from 
a 20-volt, 7-milliampere de supply. 

A 2N1491 common-emitter circuit 
amplifies the signal from the 27- 
Mc/s crystal to develop the rated 
power output. The combined effects 
of the base-bias network C, and R, 
and the emitter-bias network C. and 
Rs bias the transistor for class C 
operation to prevent excessive load- 
ing of the collector resonant circuit 
L, and Cs. The use of crystal control 


Parts List 
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27-Mc/s CRYSTAL OSCILLATOR 
Output 4 mW 


OUTPUT 
(LOAD= 


assures excellent frequency stability 
for the oscillator. Positive feedback 
is coupled from the collector to the 
base of the 2N1491 across the ca- 
pacitance of the crystal to sustain 
oscillations. 

The 27-Mc/s oscillator signal de- 
veloped across L: is inductively 
coupled by L: to the load circuit. The 
transformation provided by L: and 
L, adequately matches the collector 
impedance of the transistor to a load 
impedance of 50 to 100 ohms. 


Ci = 20 pF, ceramic disc, 


Co, Cs = 0.01 uF, ceramic 
disc, 25 V 

Cz = 22 pF, ceramic disc, 
20° V 


Li = 15 turns No. 22 enam., 
close-wound on. CTC LS5 
form (powdered-iron 
slug) 

Le = 2 turns No. 18 enam., 
wound over cold end of 


Li 
Ri = 9100 ohms, 0.5 watt 
Re = 680 ohms, 0.5 watt 
Rs = 200 ohms, 0.5 watt 
XTAL = crystal, 27 Mc/s 
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TVPRE 
2N3553 


.@ 


Cc R; Co 


Circuit Description 


This power oscillator operates 
from a portable battery supply of 
28 volts and delivers 1 watt of rf 
power output at 500 Mc/s. The re- 
verse voltage to bias the 2N3553 
transistor for class C operation, as 
required in this Colpitts-type oscilla- 
tor, is developed across the emitter- 
to-base resistance-capacitance net- 
work Ci, Co, Cs, Ri, Re, and Rs. The 
resonant circuit consisting of induc- 
tor Ls and tuning capacitors Cs, Cu,, 
and Cy forms a selective emitter-to- 
collector load impedance for the 
2N3553, and resonates to generate 
a continuous 500-Mc/s signal when 
energy is applied to the circuit. 

The capacitive voltage divider Cs; 
and C, assures that the proper 
amount of feedback signal is de- 
veloped during each oscillator cycle. 
When the feedback voltage developed 
across capacitor C; is large enough 


Parts List 


Ci = 500 pF, ceramic disc 
Ce = 0.01 pF, ceramic disc 
Cz, Ce, C7 = variable capaci- 
tor, 1.5 to 20 pF, Arco 
Pp or ahd 
= variable capacitor, 0.9 


or equiv. 


equiv. 


to 7 pF, Vitramon No. 400 


Cs = 50 pF, ceramic disc 
li, Le = rf chokes, 0.22 nH, 
Nytronics No. 60Z189 or 
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500-Mc/s 1-WATT POWER OSCILLATOR 


OUTPUT 
(0) 
C6 C7 
@p> aD 
3 Lz L4 
CHASSIS 
C5 = 


and in the correct polarity to over- 
come the fixed bias, current flows 
through the 2N3553. RF chokes Ii - 
and L2 and bypass capacitor C; pre- 
vent rf components of the transistor 
current from flowing into the de cir- 
cuit. The rf current is  shunted- 
through the oscillator resonant cir- 
cuit and used to replenish the energy 
lost or coupled from the circuit dur- 
ing each cycle. 

The oscillator output is induc- 
tively coupled to the load by L; 
and Ls, which consist of two parallel 
brass rods spaced % inch apart. 
Each rod is 1-% inches in length 
and 34. inch in diameter. The output 
is delivered to the load through ca- 
pacitor C; and a low-loss coaxial 
cable. The value of C; is selected to 
provide optimum match between the 
oscillator and the load impedance. 


1144 inches in length, %& 
inch in diameter, sepa- 
rated by 3g inch 

Ri = 1800 ohms, 0.5 watt 

Re = 75 ohms, 0.5 watt 

Rs = 2700 ohms, 0.5 watt 


to 


Ls, Ls = parallel brass rods, 
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12-25 GRID-DIP METER 
For Measuring Resonant Frequencies from 3.5 to 1000 Mc/s 


TYPE 
2NiI78 


Parts List 

B = 13.5 volts, RCA VS304 J = phone jack, normally megoim, 0.5 watt 

C1 = 33 pF, mica, 50 V closed Rz = 220 ohms, 0.5 watt 

Cz = 0.01 wF, paper, 50 V L = plug-in coil R; = 3,000 ohms, 0.5 watt 

Cs = 5 pF, mica, 50 V M = microammeter, 0 to 50 R: = 3,£00 ohms, 0.5 watt 

Cs = 0.01 wF, paper, 50 V uA (Simpson model 1227 Rs = 39,000 ohms, 0.5 watt 

Cs = variable capacitor, 50 or euivalent) X = jumper, omit for meas- 
pF (Hammarlund type  R: = variable resistor, 0-0.£5 urements below 45 Mc 


HF-50 or equivalent) 
Coil-Winding Data 


Coil Freq. Range Wire Size 

1 3.4-6.9 Mc/s #28, enamel 
2 6.7-13.5 Mc/s #24, enamel 
3 13-27 Mc/s #24, enamel 
4 25-47 Mc/s #24, enamel 
5 46-78 Mc/s #24, enamel 


6 74-97 Mc/s #16, tinned 
Coil forms are Amphenol 
type 24-5H or equivalent. 


Circuit Description 


This grid-dip meter determines 
the frequency of resonant circuits 
quickly and accurately. Basically, it 
consists of a 2N1178 common-base 
rf oscillator stage that can be tuned 
over a wide frequency range. A 
1N34A diode and a de microammeter 
are used to show when rf power is 
being absorbed from the oscillator 
tuned circuit. The de power for the 
oscillator is obtained from a 13.5- 
volt miniature battery such as the 
RCA VS8304. 

Inductor L and capacitor C; form 
the oscillator resonant circuit. Feed- 
back to sustain oscillations in the 


No. of Turns 
4814, close wound 
22, close wound 
91%, close wound 
412, close wound 
115, close wound 
hairpin formed, 17% inches 
long including pins, and 14 
inch wide 


resonant circuit is coupled by ca- 
pacitor ©: from the collector to the 
emitter of the 2N1178. RF voltage 
m the emitter-to-base circuit is 
coupled by C, to the 1N34A diode, 
and the rectified output appears on 
the de microammeter. When power 
is absorbed from the oscillator 
resonant circuit, rf feedback is re- 
duced and the reading on the micro- 
ammeter decreases. 

The coil used for inductor L is 
selected for the operating frequency 
desired. A frequency-tuning dial 
mounted on the same shaft with the 
variable capacitor C; indicates the 
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Circuit Description (cont’d) 


operating frequency of the meter. 
For measurement of the frequency 
of a resonant circuit, a coil having 
a suitable frequency range is in- 
serted in the grid-dip meter, and 
the meter control knob is adjusted 
for a reading of about half-scale. 
The meter is then tightly coupled 


12-26 
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GRID-DIP METER (cont'd) 


to the unknown tuned circuit, and 
the tuning dial is rotated until a 
dip in the meter reading occurs. 
When transmitter tank circuits are 
measured, the transmitter plate sup- 
ply must be turned off to eliminate 
danger of shock. 


CODE-PRACTICE OSCILLATOR 


Parts List 


B = 1.5-4.5 V (One to three C1, 
series-connected RCA 15 
-VS036 dry cells may be 
used, depending upon the 
volume level desired.) 


magnetic 


Circuit Description 


This simple audio oscillator oper- 
ates from a dc supply of 1.5 to 4.5 
volts, depending on the amount of 
output desired. Magnetic headphones 
provide an audible indication of key- 
ing. When the key is closed, the 
2N408 transistor supplies energy to 
the resonant circuit formed by ca- 
pacitors C, and C: and the inductance 


C2 = 0.01 ywF, paper, 
0V 


H = Headphone, 2000-ohm, 


Re = 27000 ohms, 0.5 watt 

Rs = 3000 ohms, 0.5 watt 

Rz = volume control poten- 
tiometer, 50000 ohms, 0.5 


Ri = 2200 ohms, 0.5 watt watt 


of the headphones, and this circuit 
resonates to produce an audio tone 
in the headphones. Positive feedback 
to sustain oscillation is coupled 
from the resonant circuit through 
Ci and C: to the emitter of the 
2N408. R.z is adjusted to obtain the 
desired level of sound from the 
headphones. 


Ae 
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DOT 
MULTIVIBRATOR 


] 
©R3g (VIBRO-KEYER) __. © 


Parts List 


Ci, Cs = 1 wF, paper (or 
Mylar), 200 V 

C2 = 0.47 wF, ceramic, 25 V 

Ci, Cs = 560 pF, ceramic, 
600 V 


Cs, Co = 330 pF, ceramic, 
600 V 

Ce, C7 = 0.01 wF, ceramic, 
50 V 

Cio, Cu = 0.02 uF, ceramic, 
50 V 


Ci2 = 0.1 wF, ceramic, 50 V 

Cis, Cis = 2000 uF, electro- 
lytic, 15 V 

Cis = 16 uF, electrolytic, 
150 V 

F = fuse, 1 ampere 

I = indicator lamp No. 47 

K = dc relay; coil resistance 
= 2500 ohms; operating 
current = 4 mA 

Ri = 39000 ohms, 0.5 watt 

Re, Ro, Riz, Reo = 3900 ohms, 


Circuit Description 


This compact electronic keyer can dot 
be used for automatic keying of a 


DASH 
FLIP-FLOP R24 


e 


SEMI AUTO o 
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ELECTRONIC KEYER 


{ -0————=> RECEIVER MUTE 


Ri4 


0.5 watt 
Rs, Ris = 18000 ohms, 
0.5 watt 
Ru, Re = 51000 ohms, 
0.5 watt 
Rs, Res = potentiometer, 
10000 ohms 
R7z, Rio = 22000 ohms, 
0.5 watt 
Rs, Ree = 180 ohms, 0.5 watt 
Ru, Re: = 15000 ohms, 
0.5 watt 
Ris, Ris = 33000 ohms, 
0.5 watt 
Rus, Ris, Rao, Rse = 27000 
ohms, 0.5 watt 
Ris, Res = 270 ohms, 0.5 watt 
Riz = 68000 ohms, 0.5 watt 
Res = 100000 ohms, 0.5 watt 
Res = 68 ohms, 0.5 watt 
Res = 560 ohms, 0.5 watt 
Rez = 1200 ohms, 0.5 watt 


£-0———> To TRANSMITTER 


TYP. 
IN28 


6| 


Res = volume-control 
potentiometer, 50000 ohms 
31, Rss = 10000 o 
0.5 watt 

Rss = 6800 ohms, 0.5 watt 

Rss = 8200 ohms, 0.5 watt 

Ree, Re, Rio = 15000 ohms, 
0.5 watt ; 

ier = 47000 ohms, 


5 wa 

Rat = 10000 ohms, 1 watt 

Si = Vibroplex keyer, 
or equiv. 

Se = toggle switch, double- 
pole, double-throw 

Ss = toggle switch; single- 
pole, single-throw 

T1= push-pull output trans- 
a (14000 o to 


) 

Te = power transformer, 
Stancor PS8415, PS8421, 
or equiv. 


and dash transmissions. A 
“Vibro-Keyer”, 


which is_ spring- 


cw transmitter at speeds up to 60 
words per minute. Two multivibra- 
tor trigger circuits using 2N404 
transistors automatically control the 


loaded to the OFF position, selects 
the type of transmission desired. 
Unless the “Vibro-Keyer” is moved 
to either the DOT or the DASH po- 


Circuits 


12-27 
Circuit Description (cont’d) 
sition, both multivibrators are held 
inoperative by the biasing action of 
2N1302 clamping circuits. 

When the “Vibro-Keyer” S: is de- 
flected to the DOT position, the first 
2N1302 clamp transistor becomes in- 
operative, and the dot multivibrator 
is allowed to operate as a free- 
running circuit. Feedback circuits in 
the multivibrator assure continued 
operation, regardless of whether S: 
remains in the DOT position, long 
enough to develop the square-wave 
output that controls both the dura- 
tion of the dot and the space that 
follows it. When S: is set to the 
DASH position, both clamp transis- 
tors become inoperative. The dot 


multivibrator and the dash flip-flop | 


then operate simultaneously. The 
dash flip-flop is triggered by the 
positive pulses from the dot multi- 
vibrator. The 1N34A steering diodes 
_ prevent triggering of the flip-flop by 
negative pulses. Because two posi- 
tive pulses are required to produce 
one complete cycle of output from 
the flip-flop, the frequency of this 
circuit is one-half that of the dot 
multivibrator. 

The square-wave outputs from the 
dot multivibrator and the dash flip- 
flop are coupled to two more 2N404 
transistors used in an OR gate cir- 
cuit. During the positive half-cycle 
of the square-wave inputs, the OR 
gate conducts to remove the cutoff 
bias from the 2N647 relay ampli- 
fier, which controls the operation of 
keying relay K:. The relay is then 
energized, and its contacts close for 
the period required to key the trans- 
mitter for the selected type of trans- 
mission. One section of Ki may be 
used to mute the receiver during 
key-down periods. Because the OR 
gate circuit is keyed successively by 
signals from the dot multivibrator 
and the dash flip-flop in the forma- 
tion of a dash, the duration of a 
dash is three times that of a dot. 

The keying speed of this electronic 
keyer is determined by the fre- 
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ELECTRONIC KEYER (cont‘d) 


quency of the dot multivibrator. 
This frequency is adjustable by 
means of potentiometer Rx», which 
varies the amplitude of the negative 
de voltage. As the negative voltage 
at the armature of potentiometer 
R; is increased to a maximum value 
of 60 volts, the keying speed is in- 
creased to a maximum of 60 words 
per minute. Potentiometer R; con- 
trols the ratio of ‘‘on time” to “off 
time” of the dot multivibrator tran- 
sistors, and thus determines the 
duration of both dot and dash trans- 
missions and the minimum spacing 
between successive transmissions. 
The over-all keying speed is not af- 
fected by this adjustment. 

The electronic keyer may also be 
operated as a semiautomatic key 
(“bug’’) when selecter switch Sz is 
placed in the SEMIAUTO position. 
Dots are still produced automati- 
cally, but the automatic keying cir- 
cuits are bypassed when S: is moved 
to the DASH position. The forma- 
tion of dashes is then controlled 
manually. When S: is in the MAN 
position, a hand key (connected 
across the terminals marked HAND 
KEY) may be used for manual con- 
trol of the keyer; the automatic key- 
ing circuits are then bypassed dur- 
ing the formation of both dots and 
dashes. 

The keyer operates from a 117- 
volt, 60-c/s ac power input applied 
through a step-down power trans- 
former T:. The ac input voltage is 
converted to the negative dc volt- 
age used to control keying speed by 
a 1N2861 half-wave rectifier circuit. 
Two other 2N2861 diodes are used 
in a voltage-doubler circuit that op- 
erates from the 6.3-volt secondary 
winding of transformer T: to pro- 
duce the de supply voltage for the 
various circuits in the keyer. A 
2N404 tone oscillator, which is gated 
on by the relay-amplifier circuit, 
provides an audible indication of 
keying. 
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POWER SUPPLY FOR AMATEUR TRANSMITTER 


600 Volts; 300 Volts; Total Current 330 Milliamperes (Intermittent Duty) 


e 5V NOT USED 


S; 


7V 
607 


Parts List 


Ci Ce Cs Ca Cs Co Cr Cs = 
0.001 yuF, ceramic disc, 
1000 V 

Co, Cio, Cu, Cize = 40 uF, 
electrolytic, 450 V 

CR1 CRe CRs CRs CRs CRe 
CRz CRs = RCA-1N2864 

F = fuse, 5 amperes 

I= indicator lamp 


Ly 


VUGO Od 


REMOTE 
SWITCH 


Ki = relay; Potter and 
Brumfield KA11AY or 
equiv. 


Li = 2.8 henries, 300 mA; 
Stancor C-2334 or equiv. 

Le = 4 henries, 175 mA; 
Stancor C-1410 or equiv. 

Ri Re Rs Ri Rs Re R7 Rs = 
0.47 megohm, 0.5 watt 


O + HV 
Approx. 
600 V 
+ 
R 
Co = 10 
Cc 
10 + 
~ Rij 


Rs = 47 ohms, 1 watt 

Rio Rizr = 15000 ohms, 10 
watts 

Riz = 47000 ohms, 2 watts 

Si Se = toggle switch, single- 
pole single-throw 

T = power transformer; 
Stancor P-8166 or equiv. 
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Circuit Description 


This power supply uses eight 
1N2864 silicon diodes in series-con- 
nected pairs in a_ bridge-rectifier 
circuit to supply a 600-volt dc out- 
put from a 117-volt ac input. The 
second set of diode pairs (CR; 
through CR:) is also used in a con- 
ventional full-wave rectifier circuit 
to supply a 300-volt dc output. 
_ Series-connected pairs of diodes are 
used to provide the rectification in 
. this circuit because the peak-inverse- 
voltage rating of such combinations 
is twice that of a single diode. 

The operation of the power sup- 
ply is controlled by two switches. 
When the ON-OFF -switch Si: is 
‘closed, the 117-volt 60-c/s ac input 
power is applied across the primary 
of the step-up power transformer 
T,. The power supply does not be- 
come operative, however, until 
switch Sz is also closed. Relay K; is 
then energized, and the closed con- 
tacts of the relay complete the 
ground return paths for the power- 
supply circuits. Switch S. can be 
used as a STANDBY switch for the 
transmitter, or another switch may 
be connected in parallel with Sz so 
that the standby-to-on function can 
be controlled from a remote location. 

During the half-cycle of ac input 
for which the voltage across the 
secondary winding of T: is positive 
at the top end and negative at the 
bottom end, current flows from the 
bottom of the secondary through 
diodes CR, and CRs (which are 
oriented in the proper direction), 
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POWER SUPPLY FOR AMATEUR TRANSMITTER (cont'd) 


out the Kia section of the relay con- 
tacts to ground, and then up through 
bleeder resistors Ri and Ru and the 
external load connected in shunt 
with the resistors to develop the 600- 
volt output. The return flow is com- 
pleted through filter choke I,, diodes 
CR: and CR», and the entire second- 
ary winding. During the next half- 
cycle of the ac input, the polarity 
of the voltage across the secondary 
reverses, and the current flows 
through diodes CR; and CR, through 
the bleeder resistors and the external 
load circuit in the same direction 
as before, and then through diodes 
CR: and CR. Capacitors Cy and Cro 
and choke L: provide the filtering to 
smooth out the pulsations in the 
600-volt de output. 

For the 300-volt de output, only 
one-half the voltage across the sec- 
ondary winding of T; is required. 
The CRs-CRe and CR.-CRs diode 
pairs are operated in a full-wave 
rectifier configuration to provide this 
output (diodes CR: through CR, are 
not included in the 300-volt circuit.) 
The current flow through the diode 
pairs is the same as described be- 
fore, but the current is directed from 
the relay contacts up through bleeder 
resistor Ri: and the external load 
circuit to develop the 300-volt out- 
put. The return flow is through 
choke L. and the transformer center 
tap. Capacitors Cu and Cy. and choke 
L. provide the filtering for the 300- 
volt de output. 
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12-09 VOLTAGE REGULATOR, SERIES TYPE 
With Adjustable Output 
Line Regulation within 1.0% Load Regulation within 0.5% 


nadie 


TYPE 
2N3055 
Ri 
@ 
Q; 
TYPE 
2Nnl479 
Rg 

A @ + 

INPUT Se 
40 —50V OUTPUT 

DC Rg 22-30V 

=©®) O-IOA 

DC 
R 
3 Rio 

Parts List 

C1 = 1 ywF, paper, 25 V Ri = 1200 ohms, 0.5 watt Rz = 270 ohms, 0.5 watt 

Ce = 100 uF, electrolytic, Re Ri Re = 0.1 ohm, 0.5 watt Rs Rio = 1000 ohms, 0.5 watt 

50 V Rs = 2000 ohms, 0.5 watt Re = potentiometer, 1000 


CR = reference diode, 12 V Rs = 570 ohms, 0.5 watt ohms, 0.5 watt 
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Circuit Description 


In this series-type voltage regu- 
lator, regulation is accomplished by 
varying the current through three 
paralleled 2N3055 transistors con- 
nected in series with the load circuit. 
A reverse-bias-connected Zener diode 
provides the reference voltage for 
the circuit. The voltage drop across 
this diode remains constant at the 
reference potential of 12 volts over 
a wide range of current through 
the diode. 

If the output voltage tends to rise 
for any reason, the total increase 
in voltage is distributed across 
_bleeder resistors Rs, Re, and Ri. If 
potentiometer Ro, the output-voltage 
adjustment, is set to the mid-point 
of its range, one-half the increase in 
output voltage is applied to the base 
of the 2N3058 transistor Qs. This in- 
creased voltage is coupled to the base 
of the 2N3053 tramsistor Q: by Rs», 
the common emitter resistor for the 
two transistors. The reference diode 
CR and its series resistor Rs are 
connected in parallel with the bleeder 
resistors, and the increase in out- 
put voltage is also reflected across 
the diode-resistor network. However, 
because the voltage drop across CR 
remains constant, the full increase 
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VOLTAGE REGULATOR, SERIES TYPE 


in voltage is developed across Rs 
and thus is applied directly to the 
base of Q:. Because the increase in 
voltage at the base is higher than 
that at the emitter, the collector cur- 
rent of the transistor increases. 

As the 2N3058 collector current of 
Q: increases, the base voltage of the 
2N1479 transistor Q: decreases by the 
amount of the increased drop across 
Ri. The resultant decrease in current 
through the 2N1479 causes a decrease 
in the emitter voltage of this tran- 
sistor and thus in the base voltage of 
the 2N3055 transistor Qs. Similar ac- 
tion by Q2 results in a negative-going 
voltage at the base of each of the 
three 2N3055 transistors Qs, Q;, and 
Q;. As a result, the current through 
these transistors, and through the 
load impedance in series with them, 
decreases. The decrease in load cur- 
rent tends to reduce the voltage 
developed across the load circuit to 
eancel the original tendency for an 
increase in the output voltage. Simi- 
larly, if the output voltage tends 
to decrease, the current through the 
three paralleled 2N3055 transistors 
and through the load circuit in- 
creases, so that the output voltage 
remains constant. 
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VOLTAGE REGULATOR, SHUNT TYPE 


Regulation 0.5% 


TYPE 
2NI481 


INPUT RE N) 
45 TO 55V 2NI485 ey, 
Dc 


Circuit Description 


This simple two-transistor shunt- 
type voltage regulator can provide 
a constant (within 0.5 per cent) dec 
output of 28 volts for load currents 
up to 0.56 ampere and dc inputs from 
45 to 55 volts. The two transistors 
operate as variable resistors to pro- 
vide the output regulation. A 27-volt 
Zener reference diode is used as the 
control, or sensing, element for the 
circuit. 

With a 28-volt output, the reverse- 
bias-connected reference diode, CR, 
operates in the breakdown-voltage 
region. In this region, the voltage 
drop across the diode remains con- 
stant (at the reference potential of 
27 volts) over a wide range of re- 
verse currents through the diode. 

The output voltage tends to rise 
with an increase in either the ap- 
plied voltage or the load-circuit im- 
pedance. The current through re- 
sistor Re and reference diode CR 
then increases. However, the voltage 
drop across CR remains constant 
at 27 volts, and the full increase in 
the output voltage is developed 
across Rs This increased voltage 
across Re is directly coupled to the 
base of the 2N1481 transistor and 
increases the forward bias so that 
the 2N1481 conducts more heavily. 


CR = reference diode, 27 V 
1 = 28 ohms, 10 watts (in- 
cludes source resistance 
of transformers, rectifiers, 


OUTPUT R 
28V,O0 TOO.5A ° 
DC 


etc.) 
Re = 1000 ohms, 0.5 watt 


The rise in the emitter current of 
the 2N1481 increases the forward 
bias on the 2N1485, and the current 
through this transistor also  in- 
creases 

As the increased currents of the 
transistors flow through resistor Ri, 
which is in series with the load im- 
pedance, the voltage drop across Ri 
becomes a larger proportion of the 
total applied voltage. In this way, 
any tendency for an increase in the 
output voltage is immediately re- 
flected as an increased voltage drop 
across R, so that the output volt- 
age delivered to the load circuit re- 
mains constant. 

If the output voltage tends to de- 
crease slightly, the voltage drop 
across reference diode CR still re- 
mains constant, and the full decrease 
occurs across Re As a result, the 
forward bias of both transistors de- 
creases so that less current flows 
through R:. The resultant decrease 
in the proportional amount of the 
applied voltage dropped across this 
resistor immediately cancels any 
tendency for a decrease in the out- 
put voltage, and the voltage applied 
to the load circuit again remains 
constant. 
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12-31 LIGHT MINDER FOR AUTOMOBILES 
TO IGNITION ry 
SPEAKER 
FOR NEGATIVE— 
GROUND IGNITION 
SYSTEMS 
TO IGNITION q 
SPEAKER 
TO LIGHT 
FOR POSITIVE— 
GROUND IGNITION 
SYSTEMS 
Parts List 
Ci = 0.22 uF, electrolytic, Si = switch, double-pole, equiv. 
25 volts double-throw T1 = audio-output trans- 


Ce = 30 uF, 15 volts 
Ri = 15000 ohms, 0.5 watt 
Re = 680 ohms, 0.5 watt 


Circuit Description 

This light-minder circuit sounds 
an alarm if the lights of a car are 
left on when the ignition is turned 
off. The alarm stops when the lights 
are turned off. When the lights are 
intentionally left on for a period of 
time, the alarm can be defeated so 
that no warning sounds. The alarm 
then sounds when the _ ignition 
switch is turned on as a reminder 
that the system has been defeated 
and the switch should be returned 
to its “normal” position. 
- The circuit is essentially an os- 
cillator that obtains its supply volt- 
age from two possible sources, the 
ignition system or the light system 
of the car. In the “normal” mode of 
operation, the ignition system is con- 
nected to the collector circuit of 
the 2N217 (or 2N647) transistor, 
and the light system. is connected 
through the 1N34 diode to the 2N217 
(or 2N647) emitter. When the igni- 
tion switch is on, the collector of the 
transistor is at the supply voltage. 


Speaker = 1) 
nent-magnet type; voice- 
coil impedance, 11 ohms; 
Lafayette No. 99R6035 or 


62-inch perma- 


former; 400-ohm pri- 
mary, 11-ohm secondary; 
Lafayette No. 99R6209 or 
equiv. 


If, at the same time, the lights are 
on, the emitter of the transistor is 
also at the supply voltage. Because 
both the emitter and the collector 
are at the same voltage, the circuit 
does not oscillate and no alarm 
sounds. When the ignition is turned 
off, the collector is returned to 
ground through R2 and C2, but the 
emitter remains at the supply volt- 
age and provides the necessary bias 
for the circuit to oscillate. Turning 
the lights out removes the supply . 
voltage and stops the oscillation. 

In the “defeat” mode of opera- 
tion, the ignition system is con- 
nected through the 1N34 diode to 
the emitter of the transistor, and 
the light system is completely dis- 
connected. The lights can then be 
turned on without the alarm sound- 
ing. When the ignition is turned on, 
it supplies the necessary voltage to 
the emitter of the transistor to 
cause the alarm to sound. 
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12-32 BATTERY CHARGERS 
For 6- and 12-Volt Automobile Batteries 
I TRANSISTOR 
SWITCH 
a R4 
S| TYPES 
; IN2860 
R 
; 5 
IN3754 
7 V 
60 c/s IN2860 
3 


FOR 6-CELL, I2 V 
AUTOMOBILE 
BATTERIES 


BATTERY UNDER 
CHARGE 


R q| TRANSISTOR 
| SWITCH 


FOR 3-CELL, 6 V 


AUTOMOBILE 
BATTERIES 
BATTERY UNDER CHARGE 
Parts List 
Ci = 50 uF, electrolytic, 12-volt system or 2 ohms, adjustment, 10000 ohms, 
15 V 59 watts for 6-volt sys- 2 watts 
Fi = fuse, l-ampere, 3 AG tem Si = toggle switch, single- 
1) 5 —— Riot lamp, No. 1488 Re = 33 ohms, 0.5 watt pole, single-throw, 3-am- 
(12 150 mA) for 12- Rs = 470 ohms, 0.5 watt pere, 125-volt 
volt system or No. 47 (6 Ri = 150 ohms, 0.5 watt Ti power transformer, 
V, 150 mA) for 6-volt Rs = 1800 ohms, 0.5 watt Stancor No. RT-202, or 
system Re = potentiometer, cutoff equiv. 


Ri = 5 ohms, 20 watts for 
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Circuit Description 


These battery chargers can be 
used to recharge run-down batteries 
in automobiles and other vehicles 
without removing them from their 
original mounting and without the 
need for constant attention. When 
the battery is fully charged, the 
charger circuits automatically switch 
from charging current to “trickle” 
charge, and an indicator lamp lights 
to provide a visual indication of this 
condition. 

12-Volt Battery Charger—This 
circuit can be used to charge 6-cell, 
12-volt lead storage batteries at a 
maximum charging rate of 2 am- 
peres. When switch S: is closed, the 
rectified current produced by the 
four 1N2860 silicon diodes in the 
full-wave bridge rectifier charges 
capacitor C, through resistors Ri 
-and R». and the No. 1488 indicator 
lamp, L. As C: charges, the anode 
of the 1N3754 diode is rapidly raised 
to a positive voltage high enough so 
that the diode is allowed to conduct. 
Gate current is then supplied to the 
2N3228 SCR to trigger it into con- 
duction. The SCR and the battery 
under charge then form essentially 
the full load on the bridge rectifier, 
and a charging current flows through 
the battery that is proportional to 
the difference in potential between 
the battery voltage and the rectifier 
output. Resistor R: limits the cur- 
rent to a safe value to protect the 
1N2860 rectifier diodes in the event 
that the load is a “dead” battery. 
The energy stored in C: assures that 
the SCR conducts and, thereby, that 
the charging current flows for prac- 
tically the full. 180 degrees of each 
successive half-cycle of input until 
the battery is fully charged. (The 
SCR is actually cut off near the 
end of each half-cycle but is re- 
triggered shortly after the beginning 
of each succeeding half-cycle by the 
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BATTERY CHARGERS (cont'd) 


gate current applied through the 
1N3754 diode as a result of the 
steady potential on C,.) 

When the battery is fully charged, 
the  two-transistor regenerative 
switch is triggered into conduction 
(the triggering point is preset by 
means of potentiometer R.). As a 
result of the regenerative action, the 
2N2614 and 2N8241 transistors in 
the switch are rapidly driven to 
saturation and thus provide a low- 
impedance discharge path for (Ci. 
The capacitor then discharges 
through these transistors and resis- 
tor Re to about 1 volt (the voltage 
drop across the transistors). This 
value is too low to sustain conduc- 
tion of the 1N38754 diode, and the 
2N3228 SCR is not triggered on the 
succeeding half-cycle of the input. 
The saturated transistor switch also 
provides a low-resistance path for 
the current to the No. 1488 indicator 
lamp, which glows brightly to signal 
the fully charged condition of the 
battery. The current in the lamp cir- 
cuit (Ri, lamp, and_ transistor 
switch) provides a “trickle” charge 
of approximately 150 milliamperes 
to the battery. 

6-Volt Battery Charger—tThis cir- 
cuit can be used to charge 3-cell, 6- 
volt lead storage batteries at a 
maximum charging rate of 3.2 am- 
peres. It is very similar to the 12- 
volt battery charger except for the 
rectifier configuration. In the 6-volt 
circuit, the four 1N2860 diodes are 
connected in a full-wave center- 
tapped rectifier circuit that provides 
the higher charging current of 3.2 
amperes to the 6-volt battery. With 
the ’exception of the rectifier cir- 
cuit, the indicator lamp, and the 
value used for R:, the 6-volt charger 
is identical to the 12-volt charger 
and operates in the same way. 
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nY PE: 
2N3228 
OR 
TYPE 
2N3669 


TYPES 
IN2860 


TYPES 
IN2860 


INCREASE 
SPEED 


RCA Transistor Manual 


UNIVERSAL MOTOR SPEED CONTROL OR LIGHT DIMMER 


TRANSISTOR 
SWITCH 


TYPE 
2N2614 


Rit 


* Maximum load is 2 amperes when 2N3228 SCR is used or 12.5 amperes when 2N3669 


SCR is used. 
Parts List 
Ci = 1.0 uF, paper, 200 V load current squared R:, Rio = 1000 ohms, 0.5 
C2 = 50 uF, electrolytic, times the calculated value watt 
15 V of resistance plus a 50- Rs = 5600 ohms, 0.5 watt 


Fi = fuse, 3-ampere (with 
2N3228 SCR) or 15-am- 
pere (with 2N3669 SCR) 
1 = 2 volts divided by 
rated value of the load 
current (as. given on 
motor faceplate). The 


Circuit Description 


- This circuit can be used to provide 
both speed control and speed regula- 
tion (constant speed under condi- 
tions of changing loads) for ac/dc 
universal motors which have name- 
plate current ratings up to two am- 
peres with a 2N3228 SCR or up to 
12.5 amperes with a 2N3669 SCR. 
Motor speed can be adjusted from 
complete cutoff to essentially the 


per-cent safety margin is 
the recommended wattage 
rating for the resistor. 
Re = potentiometer, speed 
adjustment, 0.1 megohm, 
2 watts, linear taper 
Rs = 100 ohms, 0.5 watt 


Re = 4700 ohms, 0.5 watt 

Rz = 470 ohms, 0.5 watt 

Rs = 150 ohms, 0.5 watt 

Ro = 15 ohms, 0.5 watt 

Rit = 15000 ohms, 1 watt 

Si = toggle switch, single- 
pole, single-throw 


full rated value. The circuit also pro- 
vides smooth anti-skip operation at 
reduced speeds. This control circuit 
is useful for adjusting and regulat- 
ing the speed of small power tools 
(e.g., drills, buffers, and jigsaws) 
as required for special jobs. 

The speed of the power-tool motor 
is determined by the time during each 
half-cycle of the ac input signal that 
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UNIVERSAL MOTOR SPEED CONTROL 


OR LAMP DIMMER (cont‘d) 


Circuit Description (cont'd) 


the SCR conducts. This time, in 
turn, is controlled by manual adjust- 
ment of potentiometer Re. When R: 
is set for minimum resistance, the 
rectifier current from the four 
1N2860 rectifiers charges capacitor 
C, rapidly to the triggering poten- 
tial of the two-transistor regenera- 
tive switch (preset to six volts for 
this circuit), and the switch is trig- 
gered into conduction early in each 
input half-cycle. When the 2N2614 
and 2N3241 transistors used in the 
switch circuit conduct, Ci discharges 
through the series circuit of the 
transistors and the gate electrode 
of the SCR. This discharge current 
triggers the SCR into conduction, 
and load current then flows until the 
end of the input half-cycle. This op- 
eration is repeated for each succeed- 
ing half-cycle of the ac input signal, 
and the motor is maintained at maxi- 
mum speed. 

When the resistance of R: is in- 
creased, C: charges more slowly and 
the SCR is triggered later in the 
input half-cycle, or not at all if the 
charge on C; fails to reach six volts. 
Thus, the speed of the motor is re- 
duced, or is cut off completely in the 
maximum-resistance position. 

The feedback circuit (R:, Rs, Re, 
and C:) maintains essentially con- 
stant speed of the motor under 
changing load conditions. As the load 
is applied to the motor, the speed 
momentarily decreases and the cur- 
rent through the motor and the SCR 
increases. Resistor R:, in series with 
the SCR, develops an increased volt- 
age drop, and the charge on capaci- 
tor Cz is increased. This increased 
charge produces a current increase 


through resistor Re; less current is 
then required through resistor R; and 
the regenerative transistor switch. 
As a result, the SCR is triggered 
earlier in the next half-cycle of the 
input ac voltage. The increased con- 
duction time results in a corre- 
sponding increase in motor speed 
approaching that set by means of 
the potentiometer R:. Resistor Ro 
performs an additional function of 
this circuit, i.e., it shunts out com- 
mutator “hash” and thereby elimi- 
nates the possibility of premature 
triggering of the SCR. 

The circuit can also be used to 


‘provide continuous and smooth con- 


trol of the brightness of incandes- 
cent lamps. Lamps having a total 
power rating of 240 watts (with the 
2N3228 SCR) or of 1500 watts (with 
the 2N3669 SCR) can be adjusted 
from complete cutoff to essentially 
full rated brightness. As a lamp 
dimmer, the circuit is useful for pro- 
viding the exact amount of light re- 
quired at different times in various 
locations, i.e., the desired level for 
any mood or occasion. 

When the circuit is used as a lamp 
dimmer, speed regulation is not re- 
quired, and capacitor Cs and resis- 
tors Rs and Re in the feedback 
network may be omitted. Lamp 
brightness is controlled in essen- 
tially the same way that the speed 
of a universal motor is controlled. 
The brightness of the incandescent 
lamp load is determined by the time 
during each half-cycle of the ac in- 
put that the SCR conducts. This 
time, in turn, is controlled by man- 
ual adjustment of potentiometer R:z. 
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Parts List 


Ci = 1 uF, paper, 200 V 


Cz = 1000 uF, electrolytic, sistors) 
25 V 


Fi = fuse, l-ampere, 3 AG 
Le= te lamp, NE-83 or 


Ri = 47000 ohms, 0.5 watt 
Rez = 15 ohms, 60 watts (use 


Circuit Description 


This circuit can be used to pro- 
vide continuous and smooth control 
of the speed of model vehicles which 
are designed to operate at dc volt- 
ages up to 12 volts. The speed of 
such vehicles can be adusted over the 
complete range from zero to the full 
rated value. This control circuit is 
useful for starting, stopping, and 
adusting the speed of most model 
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MODEL TRAIN AND RACE-CAR SPEED CONTROL 


TRANSISTOR 
SWITCH 


three 5-ohm, 20-watt re- Rz = 150 ohms, 0.5 watt 


Rs = 1000 ohms, 0.5 watt 


Rs = potentiometer, speed Si = toggle switch, single- 
adjustment, 1000 ohms, 2 
watts, linear taper 

Ra = 15 ohms, 0.5 watt Ti 

Rs, Ro = 100 ohms, 0.5 watt Stancor No. 

Re = 470 ohms, 0.5 watt 


pole, single-throw, 3-am- 
pere, 125 volt 

= power transformer, 
RT-202 or 
equiv. 


railroad trains, race cars, and simi- 
lar “hobby type” vehicles. 

The operating speed of the model 
railroad train or race car is de- 
termined by the delay involved in 
triggering the 2N3228 SCR into con- 
duction after the start of each half- 
cycle of ac input voltage. This delay 
time, in turn, is controlled by adust- 
ment of the potentiometer Rs. Be- 
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12-34 MODEL TRAIN AND RACE-CAR SPEED CONTROL (cont'd) 


Circuit Description (cont’d) 


cause the load and the SCR are in 
parallel (rather than in series as in 
the Universal Motor Speed Control, 
Circuit 12-33), output voltage is 
available at the load only when the 
SCR is not conducting. When R; is 
set for maximum resistance (maxi- 
mum clockwise position), maximum 
delay in triggering the SCR is ob- 
tained, and maximum speed is at- 
tained in the model vehicle. 

When switch S, is closed, the pul- 
sating direct current from _ the 
1N2860 bridge rectifiers charges ca- 
pacitor C. through the resistor R. 
and the 1N3754 silicon diode, and a 
voltage appears across the output 
terminals. Under conditions of mini- 
mum conduction of the SCR (ap- 
proximately 100 degrees of each 
input half-cycle of voltage), a maxi- 
mum voltage of approximately 13 
volts is present at the output termi- 
nals. As the resistance of poten- 
tiometer R; is decreased, the current 
through Rs, Ru, and R; charges ca- 
pacitor Ci more quickly to the 
triggering potential of the two- 
transistor regenerative switch. The 
2N2614 and 2N8241 transistors in 
the switch then supply the gate cur- 
rent to trigger the 2N3228 SCR into 
conduction, and the voltage across 
the output terminals drops to slightly 
less than one volt when _ poten- 
tiometer R; is set for minimum 
resistance. 

The output voltage is filtered by 
capacitor C, and therefore ap- 
proaches a steady dc level de- 
termined by the relative duration 
of the “on” and “off” periods of the 


SCR. The 1N8754 diode isolates the 
anode of the SCR from the potential 
on capacitor C: so that the SCR, 
when it is triggered into conduction, 
does not provide a discharge path 
for the capacitor and so that the 
anode voltage falls to zero and turns 
off the SCR at the end of each input 
half-cycle. Resistor R. helps to sta- 
bilize operation of the SCR and also 
provides a parallel path for dis- 
charge of C, after the SCR is trig- 
gered into conduction. Resistor R,. 
limits the current through the bridge 
rectifier circuit to the maximum al- 
lowable value of 2 amperes in the 
event of a short circuit across the 
output terminals. 

The parallel arrangement of the 
load and the SCR in this circuit pro- 
vides superior control and _ speed 
regulation at the operating voltages 
of model vehicles. The circuit is in- 
herently self-regulating, i.e., it main- 
tains essentially constant speed 
under varying load conditions. When 
the mechanical load increases (e.¢., 
when the vehicle travels on an in- 
clined portion of track), the vehicle 
motor tends to slow down. The motor 
current then increases, and the volt- 
age across the capacitor C. de- 
creases. However, because this 
voltage is also the potential for the 
timing circuit (Rs, R:, Rs, and (C,), 
the capacitor Ci charges more slowly 
and the delay in triggering the SCR 
is increased. As a result, the output 
voltage is also increased and the 
speed is maintained essentially 
constant. 
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ELECTRONIC TIMER 


INCREASE TIME <— 


Parts List 

ie = 50 uF, electrolytic, 

Cou 
150 


Fi = fuse, 3-ampere, 3 AG 
lh = neon lamp, NE-83 


on uF, electrolytic, 


Circuit Description 


This circuit can be used to con- 
trol the time interval between the 
application and interruption of power 
to ac/de devices which do not use 
the frame as a ground and which 
have total power ratings up to 240 
watts (nameplate current ratings 
up to two amperes). The interval 
between turn-on and turn-off can be 
adjusted from five seconds to ap- 
proximately two minutes. The timer 
is useful for providing controlled 
“ON” times for such equipment as 
photo-enlargers, developers, small 
heaters, incandescent lamps, and 
universal motors. 

The “ON” time of the equipment 
with which this circuit is used is 
determined by the length of time 
required for the timing capacitor 
C. to charge to the value required 
to turn on the NE-83 neon lamp and 
trigger the two-transistor switch. 


Ri = 3000 ohms, 5 watts Rs = 150 ohms, 0.5 watt 
Re = 33 ohms, 0.5 watt Re = 47000 ohms, 0.5 watt 
Rs = potentiometer, 1 meg- 
ohm, 2 watts, linear taper Si = toggle switch, double- 
Rs = 470 ohms, 0.5 watt 


Rz = 10000 ohms, 0.5 watt 


pole, double-throw 


This time, in turn, is controlled by 
adjustment of potentiometer Rs. 
When ON-OFF switch S; is turned 
to the ON position, the full-wave 
rectified current from the 1N2860 
silicon rectifiers charges capacitor 
C, through resistor R:. When the 
charge on C, increases to a suffi- 
cient value, current flows through 
the 1N8754 diode and triggers the 
2N3228 SCR into conduction to com- 
plete the load circuit. 

At the same time, capacitor C. 
charges, at a rate determined by its 
capacitance and the resistance of the 
series combination of Rs and Re, to 
about 80 volts. At this point, the 
NE-83 neon lamp fires, and the cur- 
rent through the lamp activates the 
two-transistor regenerative switch. 
The 2N2614 and 2N3241 transistors 
used in this switch quickly saturate 
and provide a low-impedance dis- 


Circuits 


12-35 


Circuit Description (cont'd) 


charge path for capacitor C,. The 
capacitor discharges through re- 
sistor R. and the two transistors to 
approximately one volt (the drop 
across the transistors). Current then 
ceases to flow in the gate circuit 
of the SCR, and it is not triggered 
on the next half-cycle of input ac 
voltage. As a result, the load circuit 
is not completed and no power is 
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ELECTRONIC TIMER (cont’d) 


delivered to the load until the cir- 
cuit is reset. The 1N3754 diode in- 
creases the threshold voltage of the 
SCR gate circuit from 0.6 volt (the 
drop across the gate-cathode junc- 
tion of the SCR) to 1.2 volts. In this 
way, the diode prevents accidental 
triggering of the SCR and improves 
the stability of the circuit. 


ELECTRONIC HEAT CONTROL WITH READY LIGHT 


Turns Off with Increase in Heat 


TYPE 
IN3754 


Parts List 
I, = incandescent lamp, 6- tentiometer, 
watt, 117-volt linear taper 


Ri = 10000 ohms, 2 watts 
Re, Re = 150 ohms, 0.5 watt 
Rs, Rz = 470 ohms, 0.5 watt 
Rs = 4300 ohms, 0.5 watt 
Rs = sensitivity control, po- 


T1 = transformer (primary 
tapped _sec- 
ondary used as autotrans- 
former to provide step-up 
Stancor No. 


not used), 


in voltage, 


FIRST 
TRANSISTOR 
SWITCH 


SECOND 
TRANSISTOR 
SWITCH 


2500 ohms, 


P-6465 or equiv. ; 
THi = thermistor; negative 


temperature coefficient; 
resistance (cold), 5500 
ohms; Keystone No. 


RL25J1 or equiv. 
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12-36 ELECTRONIC HEAT CONTROL WITH READY LIGHT (cont'd) 


Circuit Description 


This circuit can be used to regu- 
late the temperature of electric fry- 
pans, electric coffee makers, electric 
waffle irons, and similar types of 
electric appliances having a maxi- 
mum power rating of 240 watts. Two 
2N3228 SCR’s are used in the circuit 
to provide full-wave power control. 
The temperature at which the circuit 
interrupts power to the appliance 
heater is determined by the setting 
of the sensitivity-control poten- 
tiometer, Rs. The thermistor TH; is 
the sensing element used to initiate 
the control function. The lamp I 
lights when the desired operating 
temperature is reached to indicate 
that the appliance is ready for use. 

When the 117-volt ac power is 
initially applied to the circuit, the 
resistance of the cold thermistor is 
high enough so that the current 
through resistor R: is insufficient to 
trigger the first two-transistor re- 
generative switch. Potentiometer, 
R;, however, is adjusted so that the 
current through resistor R, will be 
large enough to trigger the 2N2614 
and 2N3241 transistors in the sec- 
ond regenerative switch into con- 
duction. The regenerative action of 
the switch circuit quickly drives 
these transistors into saturation. 
The saturated switch current flows 
through the gate electrode of SCR: 
and triggers it into conduction. 

Once the SCR starts to conduct, 
the gate electrode loses its control, 
and the flow of current continues 
for almost the full 180 degrees of 
the input half-cycle for which the 
anode of SCR: is positive with re- 
spect to its cathode. During this 
period, current flows through the 
primary of transformer T, and 
through the appliance heater. The 
1N1199A diode restricts the voltage 
drop across the primary of T: to 
about 0.3 volts. When SCR, is con- 


ducting, the voltage drop across it 
is about 0.5 volt. The ready lamp Ii 
is connected in parallel with the 
transformer primary and the SCR. 
The total voltage drop of 0.8 volt is 
not enough to light the lamp. 

During the input half-cycle that 
SCR. does not conduct, the flux 
about the step-up transformer T; col- 
lapses and induces sufficient voltage 
across the secondary winding to cause 
current to flow through the 1N3754 
diode to the gate electrode of SCRi. 
This SCR is now triggered into con- 
duction and supplies the current to 
the appliance heater. In this way, 
full-wave power control is provided. 

The flow of current through the 
appliance causes the ambient tem- 
perature to rise. The thermistor 
TH: has a negative temperature co- 
efficient, and its resistance decreases. 
When the temperature of the ap- 
pliance heater reaches the desired 
level, the resistance of the thermis- 
tor is reduced to a value less than 
the combined resistance of R.: and 
R;. The current through R, is then 
sufficient to trigger the 2N2614 and 
2N3241 transistors in the first re- 
generative switch. These transistors 
are quickly driven into saturation, 
and the voltage across the switch 
decreases to about 1 volt. The bias 
resistors (R:, R;s, and R.) for the 
second two-transistor regenerative 
switch are in parallel with the first 
switch, and the 1 volt that appears 
across these resistors is not high 
enough to maintain the conduction 
of the second switch. No gate cur- 
rent then flows to trigger SCR, 
into conduction on the next half- 
cycle of the input ac power. When 
SCR. is not conducting, the current 
supplied to ready lamp Il, through 
the first transistor switch, resistor 
R:, and the 1N3754 diode, is suffi- 
cient to light the lamp. 
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INTEGRAL-CYCLE RATIO POWER CONTROL 


For Electric Appliances 


Circuit Description 


This circuit can be used as a heat 
control for electric hot plates, and in 
other applications in which control 
of the average power level is desired. 
The average level of the power de- 
livered to an electric appliance is con- 
trolled, without the use of a ther- 
mistor sensing element, by allowing 
current to flow in the load circuit for 
only controlled periods. The current 
delivered to the load circuit is gated 
on and off by a free-running (approx- 
imately 1 c/s) multivibrator; the 
ratio of on time to off time during 
each cycle determines the average 
amount of ac power applied. Two 
SCR’s are used to deliver the load 
current so that full-wave power 
control can be obtained. Depending 
upon the maximum power rating of 
the appliance, either 2N3228 (up to 
800 watts) or 2N3669 (up to 2000 
watts) SCR’s are used. 

The 117-volt ac power applied to 
the circuit is rectified by the 1N3756 
diode CRs. The de voltage developed 
across Cs by the rectified current 
from CRz is the de supply voltage 
for the 2N2614 transistors, Q. and 
Qs, in the free-running multivibra- 
tor. The rectangular-wave output 
from the multivibrator is applied to 
the base of the 2N2614 p-n-p tran- 
sistor Q:. The multivibrator output 
gates the operation of Q:. During 
the positive half-cycle, the transis- 
tor is held cut off; during the nega- 
tive half-cycle, the transistor is 
driven into saturation. The setting 
of potentiometer Re determines the 
relative durations of the positive 
and negative half-cycles of the mul- 
tivibrator output and, in this way, 
establishes the power on-time-to-off- 
time ratio. 


During the negative half-cycle of 
the input ac power, current is al- 
lowed to flow through the 1N3756 
diode CR. If Q: is gated on by the 
multivibrator during this period, 
most of the current from the diode 
is shunted through this transistor 
and the 1N8754 diode CR; in series 
with it, and very little current is al- 
lowed to flow through T.. As a result, 
the amount of energy stored in T. is 
negligible, and when the polarity of 
the ac input reverses so that no cur- 
rent flows through CR,, the collaps- 
ing field about this winding does not 
supply sufficient current to the gate 
electrode of SCR: to trigger the 
SCR into conduction. For this con- 
dition, no current is delivered to the 
load circuit. ; 

If Q: is not gated on during the 
negative half-cycle of the ac input, 
all the current from CR, flows 
through T:, and a strong magnetic 
field is set up around this winding. 
When the polarity of the ac input 
reverses, the collapsing field about 
T. causes sufficient current to flow 
through the 1N38754 diode CR; to 
the gate electrode of SCR. to trig- 
ger this SCR into conduction. Cur- 
rent then flows through the primary 
of autotransformer T, and the load 
circuit. The 1N1199A diode CR, 
limits the voltage drop across the 
primary of T; to about 0.3 volt. 

When the polarity of the ac input 
again reverses so that SCR. no 
longer conducts, the collapsing field 
about T; supplies sufficient gate 
current to SCR, through the 1N3754 
diode CR: so that this SCR is trig- 
gered into conduction. The load cur- 
rent is then delivered through SCRi. 
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12-37 INTEGRAL-CYCLE RATIO POWER CONTROL (cont'd) 


R5 


FREE —RUNNING 
MULTIVIBRATOR . 


TYPE 
IN3756 


2N3241 


* Maximum load is 800 watts when 2N3228 SCR is used or 2000 watts when 2N3669 


SCR is used. 

Parts List 

Ci, Co = 15 uF, electrolytic, 
50 V 

Cs = 500 uF, electrolytic, 
15 V 

Ri = 3000 ohms, 5 watts 

Re, Rs = 1000 ohms, 0.5 watt 


Rs = 180 ohms, 0.5 watt 
Ru, Rz = 6800 ohms, 0.5 watt 


12-38 


Rs = 2000 ohms, 5 watts 

Re = power-ratio control, 
potentiometer, 
ohm, linear taper 

Si = ON-OFF switch, sin- 
gle-pole, single-throw 

Ti = transformer (primary 


not used); tapped sec- 


ondary used as autotrans- 
former to provide 1-to-5 
step-up in voltage; Stan- 
cor No. P-6465 or equiv. 
Te = transformer (second- 
ary not used); Stancor 
No. P-6465 or equiv. 


0.1 meg- 


SERVO AMPLIFIER 


Output, 6 W 


Circuit Description | 


This servo amplifier can supply up 
to 6 watts of power to the drive 
motor of a servo system. The ampli- 
fier is driven by a 400-c/s ac signal 
and is operated from a dc supply 
voltage of 56 volts. A pair of 2N3054 
silicon power transistors are used 
in a class AB, push-pull, single- 
ended output stage to develop the 
required output power. This output 
stage is very similar to the one used 


in the High-Quality 10-Watt Audio 
Power Amplifier, circuit 12-11. 

A 2N1481 common-emitter input 
stage amplifies the 400-c/s input to 
the level required to drive the 
2N3054 output transistors. The am- 
plified 400-c/s signal at the collec- 
tor of the 2N1481 transistor is 
coupled to the base of each 2N38054 
output transistor by the transformer 
T,. The secondary of T; is split to 
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SERVO AMPLIFIER (cont’d) 


OUTPUT 
TO 
CONTROL 


Parts List 

Ci = 10 uF, electrolytic, Ri = 68000 ohms, 0.5 watt T= driver transformer; core 
15 V , Re = 5600 ohms, 0.5 watt material 0.014-inch Mag- 

Ce = 47 uF, electrolytic, Rs = 56 ohms, 0.5 watt netic Metals Corp. “‘Crys- 
1 Ri = 560 ohms, 0.5 watt talligned”’ or equiv.; 

Cs = 20 uF, electrolytic, Rs = 3300 ohms, 0.5 watt primary 1500 turns; sec- 


50 V 
Cs = 500 uF, electrolytic, 
50 V 


Circuit Description (cont’d) 


form two identical windings which 
are oriented so that the inputs to 
the output transistors are equal in 
amplitude and 180 degrees out of 
phase, as required for push-pull 
drive. 

If the input to the upper output 
transistor were applied between the 
base and ground, this transistor 
would be operated as an emitter 
follower and could not provide volt- 
age gain. The input, however, is ap- 
plied between the base and the 
emitter so that, in effect, the upper 
transistor is operated as a common- 


Re, R7 = 18000 ohms, 0.5 watt 
Rs, Ro = 400 ohms, 0.5 watt 
Rio Ri1 = 4 ohms, 1 watt 


ondary 450 turns, bifilar 
wound (each section 225 
turns) 


emitter amplifier except that there 
is no phase reversal between input 
and output. Its gain, therefore, is 
equal to that of the lower output 
transistor, which is operated in a 
conventional common-emitter am- 
plifier configuration. The positive 
half-cycle of the output signal de- 
veloped by the upper transistor and 
the negative half-cycle developed by 
the lower transistor then have equal 
voltage swings. This output is 
coupled to the control-phase wind- 
ing of the drive motor by the series 
output capacitor C.. 
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REGISTER 
E> _SWITCHING No. | 
TRANSISTOR 
TYPE 
2N404 
(2N2869/ 
2N301) 
TRIG 
O 


LQ 


TYPE 
Re 21302 


OUTPUT AQO 


Parts List 
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SHIFT REGISTER OR RING COUNTER 


REGISTER _ REGISTER 
No. 2 No. N 
TYPE 
2N404 N404 
(2N2869/ (2N2869/ 
2N30!) 2N301) 


OUTPUT BO OUTPUT NO 


Ci1= 100 uF, electrolytic, 6 V 
Ce, C4, Cs, Cn = 0.05 wF (or 
0.1 wF), ceramic, 50 V 
Cs = 1 wF, (or 25 ywF), elec- 

trolytic, 25 V 
CRi, CRe, CRn = crystal 


No. 49; 2-volt, 60-mA (or 
No. 1488; 14-volt, 150-mA) 
Ri = 1000 ohms, 0.5 watt 
(or 680 ohms, 1 watt) 
Re = 27 ohms, 0.5 watt (or 
12 ohms, 1 watt) 


330 ohms, 0.5 watt) 


Rs, Rs, Rn = 2200 ohms, 
0.5 watt (or 680 ohms, 
0.5 watt) 


Re, Re, Rn’ = 560 ohms, 0.5 
watt (or 180 ohms, 1 watt) 


diode 1N34A or equiv. 
lh, Iz, In = indicator lamp 


NOTES: 

The shift register may use as many stages 
as desired and may be made regenerative 
by connecting points A and A’. In addi- 
tion, the basic circuit can be adapted for 
operation at many different output-current 
evels. 


Circuit Description 


In this basic shift register, the 
successive outputs from the various 
stages are delayed (or shifted) from 
those of the preceding stages by a 
controlled time interval (i.e., the 
duration between input trigger 
pulses). These outputs are coupled 
through OR gates (not shown on 
circuit schematic) and may be used 
to program the timing sequence for 
various digital switching operations. 


Rs = 1000 ohms, 0.5 watt 
Ri = 1000 ohms, 0.5 watt (or 


Rz, Rio, Rn” = 150 ohms, 1 
watt (or 82 ohms, 2 watts) 


The circuit as shown is designed for an 


output-current level of 40 mA (Ei = 12 


V; Ee = 9 V). Transistor types and com- 
ponent values shown in parentheses indi- 
cate the changes necessary for operation 
at an output-current level of 3 amperes 
(Bass 27 Vie Esai 24) 


If point A on the circuit is con- 
nected to point A, the register be- 
comes regenerative and may be used 
as a ring counter. 

The de supply voltages E; and E, 
are obtained from separate taps on 
a resistive voltage divider. With 
these voltages applied, the 2N1302 
switching transistor is immediately 
triggered into conduction by the 
positive voltage applied to its base 
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Circuit Description (cont'd) 


through Rs. One of the register 
stages must be triggered simul- 
taneously to provide a complete path 
for the current through the switch- 
ing transistor. 

Each register stage is basically a 
two-transistor regenerative switch 
that employs an n-p-n triggering 
transistor and a p-n-p output tran- 
sistor. For the E; and Ez voltages 
used (see notes below circuit sche- 
matic), the n-p-n transistor is a 
2N1302, and the p-n-p transistor is 
a 2N404 or a 2N2869/2N301 depend- 
ing upon the level of output current 
desired. If either of the transistors 
in a register stage starts to conduct, 
both of them are quickly driven into 
saturation by the regenerative ac- 
tion of the stage. The relatively high 
current from the p-n-p transistor in 
the stage flows through the resist- 
ance that exists between the E; and 
E, taps on the power-supply voltage 
divider. The increased voltage drop 
across this resistance reduces the 
E: voltage to a value less than that 
required to trigger the other regis- 
ter stages, and these stages are held 
inoperative. 

When power is initially applied to 
the circuit, Cs; and R, assure that the 
first register stage is triggered into 
conduction before current flows 
through any of the other register 
stages. When the power is first ap- 
plied, the initial surge of current 
through Cs; and R.: immediately trig- 
gers the 2N1302 transistor in the 
first stage into conduction. This 
transistor and the p-n-p output tran- 
sistor are then quickly driven into 
saturation by the regenerative ac- 
tion of the stage. No other register 
stage is then allowed to conduct, and 
the lamp I: in the collector of the 
p-n-p transistor in the first stage 
lights to indicate that the output is 


being supplied by this stage. This 


condition is maintained until an in- 
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SHIFT REGISTER OR RING COUNTER (cont'd) 


put trigger pulse is applied. During 
this period, C., charges through 
diode CRi, the 2N1302 transistor, and 
resistors R. and R; to the KE, voltage 
less the sum of the voltages dropped 
across the other components in the 
charging path. 

A negative trigger pulse is ap- 
plied to the base of the 2N1302 
switching transistor to initiate a 
register shift. A sufficiently large 
negative pulse will drive the switch- 
ing transistor to cut off. All the reg- 
ister stages are then held inopera- 
tive for the duration of the trigger 
pulse. When the trigger pulse is re- 
moved, the switching transistor 
again conducts through one of the 
register stages. This time, however, 
no quick surge of current can flow 
through C;,; and R, to trigger the 
first register stage, because Cs has 
fully charged to the E; voltage. 
Moreover, the charge on C, tends to 
reverse-bias diode CR:, and thus im- 
pedes the flow of current through 
the first register stage. The charge 
on C,, however, is series-aiding with 
the de supply voltage in the second 
register stage. This series-aiding ef- 
fect causes the second stage to be 
triggered into conduction before cur- 
rent can flow through any of the 
other stages. The biasing action of 
this stage then holds the other stages 
inoperative. The lamp I. then lights 
to indicate that the output is being 
supplied by the second stage. 

When the next register shift is 
initiated by a negative trigger pulse, 
the charge on C; assures that the 
third register stage will be triggered 
to supply the output. In this way, the 
operation of the register is shifted 
from one stage to the next each time 
a negative trigger pulse is applied. 
The register can be reset so that the 
operation starts with the first stage 
at any time by discharging capaci- 
tor Cs. 


PUSH-TO-READ SWITCH 
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AC VOLTMETER 


Parts List 

Ci = 0.01 ywF, paper, 600 V. Ru, Rs, Riz 10000 ohms, Ris = 2000 ohms, 0.5 watt 

Ce = 25 wF, ceramic disc, 0.5 watt Ris, Riz, Ris = 5100 ohms, 
25 V. Rs = 47000 ohms, 0.5 watt 0.5 watt 

Ca, Cos Cry 20.335 nE . Re, Ro, Ris = 0.39 megohm, Rio = zero-adjustment po- 

Cs, Ce = 100 uF, electrolytic, 0.5 watt tentiometer, 10000 ohms, 
6 V. ; Rz, Ru = 33000 ohms, 0.5 0.5 watt, linear taper 

Cs = 50 uF, electrolytic, 25 V. Si = push-to-read switch; 


Mi = de milliameter 


Re = 10 megohms, 0.5 watt tiometer, 


Rs = 100 ohms, 0.5 watt 


Circuit Description 


This circuit illustrates the appli- 
cation of RCA-8N99 MOS transis- 
tors in an ac voltmeter. The circuit 
has an input impedance of 1 meg- 
ohm, a full-scale sensitivity of 10 
millivolts on the lowest range, a 
flat frequency response over the 
audio range of 20 to 20,000 c/s, and 
a low current drain which permits 
fully portable operation. The ampli- 
fier portion of the voltmeter circuit 
consists of four 3N99 stages. The 
first stage is operated as a source- 
follower and presents a very low 
input capacitance to the conven- 
tional one-megohm input-signal volt- 
age divider. With this stage operat- 
ing at a drain current of only 230 
microamperes and a drain-to-source 
voltage of 0.5 volts, the effective in- 


watt 
Rio = 5000 ohms, 0.5 watt 


Ri = 1000 ohms, 0.5 watt Ris = gain-control poten- 
1000 ohms, 0.5 


watt, linear 


single-pole, single-throw; 
Microswitch No. BZ2RQ1 
or equiv. 


put capacitance is only 0.5 pico- 
farad. The source of the first stage 
is coupled to the insulated gate of 
the second stage by a 0.33-micro- 
farad ceramic capacitor. 

The second stage is operated as 
a common-source amplifier. As in 
the first stage, the 10,000-ohm source 
resistor establishes a quiescent drain 
current of approximately 230 micro- 
amperes. The source resistor is by- 
passed with a 100-microfarad capaci- 
tor. This stage provides a voltage 
gain of between 16 and 20. 

The third stage is similar to the 
second stage except that an unby- 
passed 1000-ohm potentiometer is 
added in series with the bypassed 
10,000-ohm source resistance. This 
potentiometer can be used to vary 
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Circuit Description (cont’d) 


the voltage gain of the stage be- 
tween 10 and 20 by varying the 
amount of negative feedback volt- 
age. With a 10-millivolt signal at 
the input of the first stage, the 
maximum output-signal voltage at 
the drain of the third stage is about 
2.8 volts rms. 

The fourth stage is operated as a 
source-follower and _ provides the 
necessary impedance’ transforma- 
tion between the high output im- 
pedance (approximately 300,000 
ohms) of the third stage and the 
low impedance of the meter rectifier 
circuit. . 

The meter rectifier uses two 1N34 
diodes in a conventional meter-circuit 
bridge configuration. A third 1N34 
diode is used in conjunction with a 
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12VO 


TYPE 
2NI48I 


£ = (0.7GiR2) (0.7C2Rs) 


+. 
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AC VOLTMETER CIRCUIT (cont'd) 


10,000-ohm potentiometer to compen- 
sate for the nonlinear rectification 
characteristic of the rectifier diodes 
at the low end of the meter scale. 

A 100-to-1 voltage divider is 
placed ahead of the input-coupling 
capacitor of the first stage to pro- 
tect the gate of the 3N99 in this 
stage from overload in the event 
that an excessively large signal is 
accidentally applied to the input 
terminals when the range switch is 
in the 10-millivolt position. A “push- 
to-read” switch removes this 100-to- 
1 attenuation network from the 
circuit. 

The total consumption from the 
battery for the complete meter am- 
plifier is only 2.5 milliamperes. 


ASTABLE MULTIVIBRATOR 
(Frequency = 7000 c/s) 


OUTPUT 
O 


TYPE 
2NI48) 


Ci, C2 = 0.1 wF, paper, 25 V 
Ri Rs = 60 ohms, 5 watts 
Re Rs = 1000 ohms, 0.5 watt 
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Circuit Description 


This astable (free-running) multi- 
vibrator develops a square-wave out- 
put that has a peak value equal to 
the de supply voltage (Vcc = 12 
volts) and a minimum value equal 
to the collector saturation voltage of 
the transistors. The circuit is basic- 
ally a two-stage nonsinusoidal os- 
cillator in which one stage conducts 
at saturation while the other is cut 
off until a point is reached at which 
the stages reverse their conditions. 
The circuit employs two 2N1481 
transistors operated in _ identical 
common-emitter amplifier stages 
with regenerative feedback resist- 
ance-capacitance coupled from the 
collector of each transistor to the 
base of the other transistor. 

When power is initially applied to 
the circuit, the same amount of cur- 
rent tends to flow through each tran- 
sistor. It is unlikely, however, that 
a perfect balance will be maintained, 
and if the current through transis- 
tor Q;, for example, should increase 
slightly without an attendant in- 
crease in that through transistor 
Q:2, the multivibrator will oscillate 
to generate a square-wave output. 

As the current through transistor 
Q; increases, the resultant decrease 
in collector voltage is immediately 
coupled to the base of transistor Q. 
by the discharge of capacitor C, 
through resistor Rz This negative 
voltage at the base reduces the cur- 
rent through transistor Q:, and its 
collector voltage rises. The charge 
of capacitor C. through resistor R; 
couples the increase in voltage at 
the collector of transistor Q. to the 
base of transistor Q:, and further 
increases the flow of current through 
Q:. The collector voltage of Q¥ de- 
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ASTABLE MULTIVIBRATOR (cont'd) 


creases even more, and the base of 
Q: is driven more negative. As a re- 
sult of this regenerative action, 
transistor Q: is driven to saturation 
almost instantaneously, and, just as 
quickly, transistor Q, is cut off. This 
condition is maintained as long as 
the discharge current of C, develops 
sufficient voltage across R:z to hold 
Q. cut off. The time constant of C, 
and R:, therefore, determines the 
time that Q. remains cut off (i.e., 
the duration of the positive half- 
cycle of the square-wave output). 
During this period, the voltage at 
the output terminal is the de sup- 
ply voltage (12 volts). 

The discharge current from C, 
decreases exponentially, as _ de- 
termined by the time constant of 
the discharge path, and eventually 
becomes so small that the voltage — 
developed across R: is insufficient to 
hold Q2 cut off. The decrease in col- 
lector voltage that results when Qe 
conducts is coupled by C2 and Rs 
to the base of Q:. The current 
through Q; then decreases, and the 
collector voltage of this transistor 
rises. The positive swing of the volt- 
age at the collector of Q: is coupled 
by Ci and R. to the base of Q. to 
increase further the conduction of 
Q.. The regenerative action of the 
multivibrator then quickly drives Q. 
to saturation and Q, to cutoff. The 
length of time that this condition 
is maintained is determined by the 
time constant of C2. and R;. During 
this period, which represents the 
negative half-cycle of the square- 
wave output, the voltage at the out- 
put terminal is the collector satura- 
tion potential of Q.. 
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BISTABLE MULTIVIBRATOR 


1-Mc/s “Flip-Flop” 


+6V 


-I8Vv 
O 


+6V 


INPUT 


Parts List 


Ci, Cs = 180 pF, mica, 24 V Ri Rs = 5100 ohms, 0.5 watt 
Re Rz = 1200 ohms, 0.5 watt 


Ce, Cs = 430 pF, mica, 24 V 
Circuit Description 


The bistable multivibrator is 
ideally suited for generating the 
binary (“1” and ‘“0”) type of out- 
puts required in computer applica- 
tions and also finds widespread use 
as an electronic Switch. The circuit 
is in a stable state when either tran- 
sistor is conducting and the other 
transistor is cut off. The states of 
the transistors are switched by the 
application of a properly applied 
trigger pulse. The 1N126 steering 
diodes, CRs and CR,, assure that the 
2N404 p-n-p transistors in the cir- 
cuit are triggered to alternate states 
only when positive pulses are ap- 
- plied to the input terminal. 

A positive trigger pulse applied 
to the input terminal when transis- 
tor Q: is conducting and Q, is cut 
off causes Q; to conduct less, and the 
collector voltage of this transistor 
increases to a more negative value. 
The increase in negative voltage at 
the collector of Q: is coupled to the 


Rs Re = 11000 ohms, 0.5 watt 
Ri Rs = 2700 ohms, 0.5 watt 


base of Q». If this voltage is large 
enough to overcome the cutoff bias 
on Qs, as determined by the ampli- 
tude of the trigger pulse, Q. con- 
ducts. The collector voltage of Q. 
then decreases to a less negative 
value. This positive-going voltage is 
coupled to the base of Q; to decrease 
further the conduction of this tran- 
sistor. The regenerative action con- 
tinues until Q. is driven to satura- 
tion and Q; is cut off. This condition 
is maintained until another positive 
trigger pulse is applied to switch 
the multivibrator from this stable 
state. 

The output of the multivibrator, 
which may be taken between collec- 
tor and ground of either transistor 
(or both) is a unit step voltage when 
one trigger is applied. A square- 
wave output is obtained by a con- 
tinuous periodic pulsing of the input. 
A frequency division from input to 
output of 2 to 1 is thus obtained. 
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LIGHT FLASHER 


60 Flashes per Minute 


MULTIVIBRATOR 


LAMP AMPLIFIER 5s 


Parts List ' 
Ci= 25 uF, electrolytic, 12 V 
100 


Sy ee 


uF, electrolytic 0.5 watt 


Rs = 120 ohms, 0.5 watt 
ON-OFF switch; sin- 
gle-pole, single-throw 
and Ce may be 


envi 
LAMP = bulb, 12 V Si 
1 ampere 


Ri Ri = 2000 ohms, 0.5 watt NOTE: C: 


Circuit Description 


In this light-flasher circuit, a free- 
running multivibrator is used to gate 
the operation of a two-stage ampli- 
fier. An incandescent lamp is used 
as the collector load in the second 
amplifier stage, and each time the 
stage conducts, the lamp lights. The 
de power for the circuit is supplied 
by a 12-volt B battery. 

The multivibrator uses a pair of 
2N217 transistors; the square-wave 
output developed at the collector of 
the second transistor is directly 
coupled to the base of a 2N270 tran- 
sistor operated in a common-emitter 
amplifier stage. 

The 2N270 transistor stage is 
gated on and off by the square-wave 
signal from the multivibrator. This 
stage, in turn, gates the operation 


Rz Rs = 100000 ohms, 


varied to change flashing 
rate. Bulbs and other resist- 
ive loads handling currents 
up to one ampere may be 
used, but inductive loads 
should not be used. 


of the 2N441 common-emitter ampli- 
fier stage in which the lamp is used 
as the collector load. Each time the 
2N441 transistor is gated on, the 
lamp lights. The lamp, therefore, 
flashes at the frequency of the mul- 
tivibrator. With the equation given 
for the astable multivibrator, circuit 
12-41, the natural (unloaded) fre- 
quency of the multivibrator in the 
lamp dimmer is calculated to be be- 
tween 6 and 7 cycles per minute. 
The loading effect of the low-imped- 
ance lamp circuit, however, reduces 
substantially the switching time con- 
stant of the multivibrator so that its 
frequency is increased by approxi- 
mately a factor of 10. The lamp, 
therefore, flashes at a frequency of 
approximately 60 cycles per minute. 
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RCA Technical Publications 


on Semiconductor Products, Electron Tubes, 
and Batteries 


Copies of the publications listed below 
may be obtained from your RCA dis- 
tributor or from Commercial Engineer- 
ing, Radio Corporation of America, 
Harrison, N. J. 


Semiconductor Products 


@ RCA SEMICONDUCTOR PRODUCTS 
‘HANDBOOK — HB-10. Two binders, 
each 73%” L x 554” W x 2%” D. 
Contains over 1000 pages of loose- 
leaf data and curves on RCA semi- 
conductor devices such as transistors, 
silicon rectifiers, and semiconductor 
diodes. Available on a_ subscription 
basis. Price $10.00* including serv- 
ice for first year. Also available with 
RCA Electron Tube Handbook HB-3 
at special combination price of $25.00.* 


@ RCA TUNNEL DIODE MANUAL—TD- 
30 (836” x 538”)—160 pages. Describes 
the microwave and switching capabili- 
ties of tunnel diodes. Contains infor- 
mation on theory and characteristics, 
and on tunnel-diode applications in 
switching circuits and in microwave 
oscillator, converter, and amplifier cir- 
cuits. Includes data for over 40 RCA 
germanium and gallium arsenide tun- 
nel diodes and tunnel rectifiers. Price 
$1.50.* + 


@ RCA SEMICONDUCTOR PRODUCTS 


GUIDE—SPG201/1L1147B (10%” x. 


834”)—12 pages. Contains classifica- 


tion chart, index, and ratings and 


characteristics on RCA’s line of 
transistors, silicon rectifiers, semi- 
conductor diodes, and _ photocells. 
Single copy free on request. 


@ TECHNICAL BULLETINS—Authorized 
information on RCA _ semiconductor 
products. Be sure to mention type- 
number bulletin desired. Single copy 
on any type free on request. 


Electron Tubes 


@ RCA ELECTRON TUBE HANDBOOK 
—HB-3 (7%%” x 55%”). Five 21%4-inch- 
capacity binders. Contains over 5000 
pages of looseleaf data and curves on 
RCA receiving tubes, transmitting 
tubes, cathode-ray tubes, picture 
tubes, photocells, phototubes, camera 
tubes, ignitrons, vacuum gas rectifiers, 
traveling-wave tubes, premium tubes, 
pencil tubes, and other miscellaneous 
types for special applications. Avail- 
able on subscription basis. Price 
$20.00* including service for first year. 
Also available with RCA Semicon- 
ductor Products Handbook HB-10 at 
special combination price of $25.00.* 


@ RADIOTRON®° DESIGNER’S HAND- 
BOOK—4th Edition (834” x 514”)— 
1500 pages. Comprehensive reference 
covering the design of radio and audio 
circuits and equipment. Written for 
the design engineer, student, and ex- 
perimenter. Contains 1000 illustra- 
tions, 2500 references, and _ cross- 
referenced index of 7000 entries. 
Edited by F. Langford-Smith. Price 
$7.00*+ 


@ RCA PHOTOTUBE AND PHOTOCELL 
MANUAL—PT-60 (8144” x 5%6”)—192 
pages. Well-illustrated informative 
manual covering fundamentals and 
operating considerations for vacuum 
and gas phototubes, multiplier photo- 
tubes, and photocells. Also describes 
basic applications for these devices. 
Features easy-to-use selection chart 
for multiplier phototubes. Data and 
performance curves given for over 90 
photo-sensitive devices. Price $1.50*f 


@ RCA RECEIVING TUBE MANUAL— 
RC-24 (8” x 54%4”)—576 pages. Con- 
tains technical data on over 1000 
receiving-type tubes for home-enter- 
tainment use and picture tubes for 
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black-and-white and color TV. Fea- 
tures tube theory written for the 
layman, application data, selection 
charts, and typical circuits. Features 
lie-flat binding. Price $1.25*+ 


@ RCA. TRANSMITTING TUBES—TT-5 
(84%4” x 53g”)—320 pages. Gives data 
on over 180 power tubes having plate- 
input ratings up to 4 kw and on as- 
sociated rectifier tubes. Provides basic 
information on generic types, parts 
and materials, installation and appli- 
cation, and interpretation of data. 
Contains circuit diagrams for trans- 
mitting and industrial applications. 
Features lie-flat binding. Price $1.00*+ 


@ RCA INDUSTRIAL RECEIVING-TYPE 
TUBES—RIT 104P (10%” x 8%”)— 
52 pages. Technical information on 
over 200 RCA “special red’ tubes, 
premium tubes, nuvistors, computer 
tubes, pencil tubes, glow-discharge 
tubes, small thyratrons, low-micro- 
phonic amplifier tubes, mobile com- 
munications tubes, and other special 
types. Includes socket-connection dia- 
grams. Price 40 cents.*+ 


@ RCA RECEIVING TUBES AND PIC- 
TURE TUBES—1275L (10%” x 834”) — 
56 pages. New, enlarged, and up-to- 
date booklet contains classification 
chart, application guide, characteris- 
tics chart, and base and envelope 
connection diagrams on more than 
1300 entertainment receiving tubes 
and picture tubes. Price 50 cents.*+ 


@ RCA INTERCHANGEABILITY DIREC- 
TORY OF INDUSTRIAL-TYPE ELECTRON 
TUBES—ID-1020E (10%” x 8%”)—12 
pages. Lists moré than 2100 basic 
type designations for 20 classes of 
industrial tube types; shows the 
RCA Direct Replacement Type or 
the RCA Similar Type, when avail- 
able. Price 20 cents.*+ 


@ RCA PHOTOCELLS—CSS-800 (10%” 
x 834”)—36 pages. Contains a selec- 
tion of photocell-circuit diagrams; 
technical data and characteristic 
curves of RCA _ photoconductive, 
photojunction, and photovoltaic cells; 
interchangeability information. Also 
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contains representative circuits. 


Price 40 cents.*+ 


@ RCA INTERCHANGEABILITY DIREC- 
TORY OF FOREIGN vs. U.S.A. RECEIV- 
ING-TYPE ELECTRON TUBES—1CE-197D 
(83%” x 10%”)—8 pages. Covers ap- 
proximately 800 foreign tube types 
used principally in AM and FM radios, 
TV receivers, and audio amplifiers. 
Indicates U.S.A. direct replacement 
type or similar type if available. 
Price 10 cents.*} 


@® RCA NUVISTOR TUBES FOR INDUS- 
TRIAL AND MILITARY APPLICATIONS— 
1CE-280 (10%” x 3%”)—16 pages. 
Describes unique features of nuvistors 
and includes tabular data, dimensional 
outlines, curves, terminal diagrams, 
and socket information. Price 25 
cents.*} 


@ TECHNICAL BULLETINS—Authorized 
information on RCA receiving tubes, 
transmitting tubes, and other tubes 
for communications and industry. Be 
sure to mention tube-type bulletin 
desired. Single copy on any type free 
on request. 


Batteries 


@® RCA BATTERY MANUAL—BDG-111 
(10%” x 834”)—64 pages. Contains 
information on dry cells and batteries 
[carbon zinc (Leclanché), mercury, 
and alkaline types]. Includes battery 
theory and applications, detailed elec- 
trical and mechanical characteristics, 
a classification chart, dimensional out- 
lines, and terminal connections on 
each battery type. Price 50 cents.*+ 


@ RCA BATTERIES—BAT-134G (10%” 
x 83g”)—24 pages. Technical data on 
142 Leclanché, alkaline, and mer- 
cury-type dry batteries for radios, 
industrial applications, flashlights, 
lanterns, and _ photoflash service. 
Price 35 cents.*+ 


° Trade Mark Reg. U.S. Pat. Off. 


* Prices shown apply in U.S.A. and are 
subject to change without notice. 


ft Suggested price. 
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